a2 United States Patent

US009343570B2

(10) Patent No.: US 9,343,570 B2

Yamazaki et al. 45) Date of Patent: *May 17, 2016
(54) SEMICONDUCTOR DEVICE AND (52) US.CL
FABRICATION METHOD THEREOF CPC ... HOI1L 29/7833 (2013.01); GO2F 1/1368
) (2013.01); GO2F 1/13394 (2013.01); GO2F
(71) Applicant: Semiconductor Energy Laboratory 1/13624 (2013.01); GO2F 1/133345 (2013.01);
Co., Ltd., Kanagawa-ken (JP) GO2F 1/136227 (2013.01); GO2F 1/136277
(2013.01); GO2F 1/136286 (2013.01); HOIL
(72) Inventors: Shunpei Yamazaki, Tokyo (JP); 27/12 (2013.01); HO1L 27/1214 (2013.01);
Yasuyuki Arai, Kanagawa (JP); Jun HO1L 27/1248 (2013.01); HOIL 27/1251
Koyama, Kanagawa (JP) (2013.01); HO1L 27/1288 (2013.01); HO1L
29/66742 (2013.01); HOIL 29/78672 (2013.01);
(73) Assignee: Semiconductor Energy Laboratory GO2F 1/13454 (2013.01);
Co., Ltd. (JP) (Continued)
(*) Notice: Subject to any disclaimer, the term of this (58) Field of Classification Search
patent is extended or adjusted under 35 CPC ...ccoe... GO2F 1/1339; GO2F 1/13392; GO2F
U.S.C. 154(b) by 0 days. 1/13394; HO1L 27/3272; HO1L 29/7833
This patent is subject to a terminal dis- See application file for complete search history.
claimer. (56) References Cited
(21)  Appl. No.: 14/510,503 U.S. PATENT DOCUMENTS
. 4,653,864 A 3/1987 Baron et al.
(22) Filed: Oct. 9, 2014 4,654,536 A 3/1987 Saito et al.
(65) Prior Publication Data (Continued)
US 2015/0091017 A1~ Apr. 2, 2015 FOREIGN PATENT DOCUMENTS
Jp 61-184518 A 8/1986
Related U.S. Application Data P 63-050817 A 3/1988
(60) Continuation of application No. 14/021,168, filed on (Continued)
Sep. 9, 2013, now Pat. No. 8,859,353, which is a Primary Examiner — Jose R Diaz
division of application No. 12/512,173, filed on Jul. (74) Attorney, Agent, or Firm — Husch Blackwell LLP
30, 2009, now Pat. No. 8,530,896, which is a division
of application No. 10/871,621, filed on Jun. 18, 2004, 57 ABSTRACT
now Pat. No. 7,569,854, which is a division of . - . :
Ll DS A p channel TFT of a driving circuit has a single drain struc-
application No. 09/610,217, filed on Jul. 5, 2000, oW ;e and its n channel TFT, an LDD structure. A pixel TFT has
Pat. No. 6,777,254. the LDD structure. A pixel electrode disposed in a pixel unit
. L L. is connected to the pixel TFT through a hole bored in at least
(30) Foreign Application Priority Data a protective insulation film formed of an inorganic insulating
material and formed above a gate electrode of the pixel TFT,
Jul. 6,1999  (IP) oottt 11-191093 and in an inter-layer insulation film disposed on the insulation
film in close contact therewith. These process steps use 6 to 8
(51) Int.CL photo-masks.
HOIL 29/78 (2006.01)
HOIL 27/12 (2006.01) 19 Claims, 17 Drawing Sheets

76 174
179 1720 172b 20 t72d '|75 i22e I ire |\ 173 77
7 N T I 0 10 N
i 7 /. % A@V
L 4 @ A W /AN £
2y R 22 !
1NN TN INNMN NN N INNEY [AN INNWNSY INNN NN ™

]
L
[ | — [ —— 1
FIRST p CHANNEL  FIRST N CHANNEL SECOND SECOND T~ | SECTREY 204 WOLBWNG
TFT 200 TFT 201 SHANNEL TFT  SHANNEL ! CAPACITANCE
LOGIC CIRCUIT !
0 DRIVING  SAMPLING CIRCUIT \ PIXEL
CIRCUIT : UNIT



US 9,343,570 B2

Page 2

(1)

(52)

(56)

Int. Cl1.
HOIL 29/66
GO2F 1/1333
GO2F 1/1339
GO2F 1/1362
GO2F 1/1368
HOIL 29/786
GO2F 1/1345
U.S. CL

CPC

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

GO2F 2001/13396 (2013.01); GO2F

2001/13398 (2013.01); GO2F 2001/136245
(2013.01); Y10S 438/919 (2013.01)

U.S. PATENT DOCUMENTS

4,874,461
4,963,504
4,975,385
5,003,356
5,087,114
5,153,754
5,182,619
5,217,910
5,247,190
5,283,455
5,302,966
5,323,042
5,338,240
5,348,897
5,377,031
5,379,139
5,399,502
5,403,772
5,412,240
5,412,494
5,413,945
5,424,244
5,482,871
5,499,123
5,499,128
5,508,209
5,532,175
5,532,176
5,543,340
5,543,947
5,563,427
5,567,966
5,576,556
5,576,887
5,576,926
5,581,092
5,583,369
5,583,675
5,594,569
5,608,251
5,610,653
5,616,506
5,623,157
5,643,826
5,650,636
5,672,523
5,686,328
5,691,793
5,706,064
5,712,495
5,739,890
5,757,451
5,766,694
5,767,930
5,773,330
5,804,878
5,815,231
5,815,232
5,831,710

B e e e 0 > D B e 0 > 0 B B 0 0 B D B 0 0 0 D B 0 0 e 0 D 0 0 0 B D B B 0 0 0 B 0 D 0 D 0 B 0 0 D D )

References Cited

10/1989
10/1990
12/1990
3/1991
2/1992
10/1992
1/1993
6/1993
9/1993
2/1994
4/1994
6/1994
8/1994
9/1994
12/1994
1/1995
3/1995
4/1995
5/1995
5/1995
5/1995
6/1995
1/1996
3/1996
3/1996
4/1996
7/1996
7/1996
8/1996
8/1996
10/1996
10/1996
11/1996
11/1996
11/1996
12/1996
12/1996
12/1996
1/1997
3/1997
3/1997
4/1997
4/1997
7/1997
7/1997
9/1997
11/1997
11/1997
1/1998
1/1998
4/1998
5/1998
6/1998
6/1998
6/1998
9/1998
9/1998
9/1998
11/1998

Sato et al.
Huang
Beinglass et al.
Wakai et al.

Fukui etal. ...........

Whetten
Pfiester
Shimizu et al.
Friend et al.
Inoue et al.
Stewart
Matsumoto
Kim

Yen

Vu et al.

Sato et al.
Friend et al.
Zhang et al.
Inoue et al.
Ishiwata et al.
Chien et al.
Zhang et al.
Pollack
Mikoshiba
Hasegawa et al.
Zhang et al.
Racanelli et al.
Katada et al.
Lee

Mase et al.
Yudasaka et al.
Hwang
Takemura et al.
Ferrin et al.
Monsorno
Takemura
Yamazaki et al.
Yamada et al.
Konuma et al.
Konuma et al.
Abecassis
Takemura
Miyazaki et al.
Ohtani et al.
Takemura et al.

Yamamoto et al.

Zhang et al.
Watanabe et al.
Fukunaga et al.
Suzawa

Uda et al.
Miyazaki et al.
West et al.

Kobayashi et al.

Park

Miyazaki et al.
Nishi et al.
Miyazaki et al.
Colgan et al.

........ 349/157

5,834,327
5,841,170
5,844,643
5,849,043
5,856,689
5,858,820
5,879,977
5,880,803
5,903,249
5,917,563
5,917,572
5,923,961
5,923,962
5,939,731
5,946,561
5,952,554
5,952,708
5,962,872
5,966,193
5,969,784
5,978,061
5,978,063
5,982,002
5,982,471
5,998,841
6,031,290
6,031,593

6,034,748
6,049,370
6,055,034
6,057,897
6,066,860
6,067,144
6,096,585
6,097,467
6,100,954
6,115,090
6,115,094
6,146,930
6,147,667
6,160,279
6,163,357
6,166,414
6,177,974
6,198,133
6,201,585
6,222,238
6,236,445
6,251,763
6,259,120
6,259,138
6,271,543
6,278,131
6,281,552
6,286,359
6,287,733
6,287,951
6,288,764
6,306,694
6,316,787
6,358,766
6,399,988
6,400,434
6,404,480
6,445,059
6,445,437
6,492,659
6,524,895
6,534,826
6,541,294
6,576,924
6,576,926
6,613,620
6,617,644
6,638,781
6,657,228
6,661,096
6,664,145

B e e e 0 0 0 e e B B D B B 0 0 0 B B D B D 0 B 0 0 0 B 0 B D > B 0 B

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
B2
Bl
Bl
Bl
B2
B2
Bl
Bl
Bl
B2
Bl

B2
Bl
Bl

11/1998
11/1998
12/1998
12/1998
1/1999
1/1999
3/1999
3/1999
5/1999
6/1999
6/1999
7/1999
7/1999
8/1999
8/1999
9/1999
9/1999
10/1999
10/1999
10/1999
11/1999
11/1999
11/1999
11/1999
12/1999
2/2000
2/2000

3/2000
4/2000
4/2000
5/2000
5/2000
5/2000
8/2000
8/2000
8/2000
9/2000
9/2000
11/2000
11/2000
12/2000
12/2000
12/2000
1/2001
3/2001
3/2001
4/2001
5/2001
6/2001
7/2001
7/2001
8/2001
8/2001
8/2001
9/2001
9/2001
9/2001
9/2001
10/2001
11/2001
3/2002
6/2002
6/2002
6/2002
9/2002
9/2002
12/2002
2/2003
3/2003
4/2003
6/2003
6/2003
9/2003
9/2003
10/2003
12/2003
12/2003
12/2003

Yamazaki et al.
Adan et al.
Onishi et al.
Zhang et al.
Suzawa

Jung et al.
Zhang et al.
Tamai et al.
Koyama et al.
Matsushima
Kurauchi et al.
Shibuya et al.
Ohtani et al.
Yamazaki et al.
Yamazaki et al.
Umeda
Yamazaki
Zhang et al.
Zhang et al.
Miyazaki et al.
Miyazaki et al.
Crawford et al.
Takasu et al.
Hirakata et al.
Suzawa
Miyazaki et al.
Morikawa .........

Furuta

Smith et al.
Zhang et al.
Ichikawa et al.
Katayama et al.
Murouchi
Fukuda et al.
Fujimaki et al.
Kim et al.
Yamazaki
Fukunaga
Kobayashi et al.
Yamazaki et al.
Zhang et al.
Nakamura
Miyazaki et al.
Hirakata et al.
Yamazaki et al.
Takano et al.
Chang et al.
Foschaar et al.
Inumiya et al.
Zhang et al.
Ohtani et al.
Ohtani et al.
Yamazaki et al.
Kawasaki et al.
Umeda
Miyazaki et al.
Lucas et al.

Zhang et al. .......

Yamazaki et al.
Ohtani
Kasahara
Yamazaki
Fukunaga
Hirakata et al.
Yamazaki
Miyazaki et al.
Yamazaki et al.
Yamazaki et al.
Yamazaki
Yamazaki et al.
Yamazaki et al.
Yamazaki et al.
Fujimoto et al.
Yamazaki et al.
Hirakata et al.
Ohtani
Takayama et al.
Yamazaki et al.

GO2F 1/133512
349/110

........... 349/152



US 9,343,570 B2

Page 3
(56) References Cited 7,923,779 B2 4/2011 Yamazaki et al.
7,968,890 B2 6/2011 Yamazaki et al.
U.S. PATENT DOCUMENTS 8,045,125 B2 10/2011 Hirakata et al.
8,071,981 B2  12/2011 Yamazaki et al.
6,730,550 Bl 5/2004 Yamazaki et al. 8,097,884 B2 = 12012 Yamazaki
6,743,649 B2 6/2004 Yamazaki et al. 8,664,660 B2 3/2014 Yamazakietal. .......... 257/59
6,753,212 B2 6/2004 Yamazaki et al. 2002/0163000 Al 11/2002 Yamazaki
6,753,257 B2 6/2004 Yamazaki 2002/0171800 Al 11/2002 M_1yazak1 et al.
6,762,081 B2 7/2004 Yamazaki et al. 2004/0218112 Al 11/2004 Hirakata et al.
6777254 Bl 82004 Yamazaki et al 2004/0238820 Al 12/2004 Sakama et al.
6,777,716 Bl 8/2004 Kitakado et al. 2006/0220021 Al 10/2006 Yamazaki et al.
6,784,457 B2 8/2004 Yamazaki et al. 2007/0085964 Al 4/2007 Zhang et al
6.888.608 B2 52005 Miyazaki et al. 2007/0148925 Al 6/2007 Yamazaki et al.
6914642 B2 7/2005 Yamazaki et al. 2007/0205413 Al 9/2007 Yamazaki et al.
6,927,109 Bl 8/2005 Tanaka et al. 2008/0048189 Al 2/2008 Yamazakl et al.
6,936,844 Bl 8/2005 Yamazaki et al. 2008/0290345 Al 11/2008 Ohtani
6952020 Bl 10/2005 Yamazaki et al 2011/0223699 Al 9/2011 Takayama et al.
6,972,435 B2 12/2005 Ohtani 2011/0241012 Al 10/2011 Yamazaki et al.
6,974,731 B2 12/2005 Yamazaki et al. 2011/0254008 Al 10/2011 Sl.lZaWa et al.
6.979.841 B2 122005 Ohtani 2012/0044433 Al 2/2012 Hirakata et al.
6,992,328 B2 1/2006 Yamazaki et al. 2012/0120336 Al 5/2012 Hirakata et al.
7,015,141 B2 3/2006 Yamazaki
7,071,041 B2 7/2006 Yamazaki et al. FOREIGN PATENT DOCUMENTS
7,173,281 B2 2/2007 Hirakata et al.
7,176,993 B2 2/2007 Fukunaga Jp 05-281558 A 10/1993
7,179,698 B2 2/2007 Yamazaki et al. Jp 05-289109 A 11/1993
7,226,822 B2 6/2007 Takayama et al. JP 06-051319 A 2/1994
7,245,018 Bl 7/2007 Takayama et al. Jp 06-244104 A 9/1994
7,259,427 B2 8/2007 Yamazaki et al. JP 06-265912 A 9/1994
7,279,711 Bl  10/2007 Yamazaki et al. Jp 06-273735 A 9/1994
7,330,234 B2 2/2008 Murakami et al. JP 07-084267 A 3/1995
7,335911 B2 2/2008 Yamazaki et al. JP 07-130652 A 5/1995
7,348,599 B2 3/2008 Yamazaki et al. Jp 08-248427 A 9/1996
7,414,288 B2 8/2008 Ohtani JP 09-073093 A 3/1997
7,419,861 B2 9/2008 Tanaka et al. Jp 09-120062 A 5/1997
7,561,242 B2 7/2009 Hirakata et al. Jp 09-197413 A 7/1997
7,569,854 B2 8/2009 Yamazaki et al. JP 10-056184 A 2/1998
7,573,069 B2 8/2009 Yamazaki JP 10-068955 A 3/1998
7,605,902 B2  10/2009 Hirakata et al. Jp 10-153797 A 6/1998
7,667,817 B2 2/2010 Zhang et al. JP 10-221717 A 8/1998
7,737,441 B2 6/2010 Yamazaki et al. JP 10-228022 A 8/1998
7,760,316 B2 7/2010 Hirakata et al. Jp 10-319431 A 12/1998
7,816,191 B2  10/2010 Takayama et al. Jp 10-319440 A 12/1998
7,858,987 B2  12/2010 Yamazaki
7,906,429 B2 3/2011 Takayama et al. * cited by examiner



US 9,343,570 B2

Sheet 1 of 17

May 17, 2016

U.S. Patent

A s
_ p— o p— R p— ] _ P
" Y — % N e ed —— ~— . < - J . W N IJ"’W\
@N, T 777777 77 Nwﬁwkxfmaﬁ\xxxxﬁh m\w?mm;\\\ 4
Oll _

It

HIAYT HOLONANOD 1NVISIS3Y-1VIH 40 NOILVINHOA ADV mv _ —

iy
QW!L

8
w% \.w_ wm.u_ GOl b
4 I

/
= T
—

~“HO

=
¢ IWd”

60!
W4 .
NOILYINSNI 31V9 /43AVT HOLONANOOINIS 3dYHS ANVTISI 40 NOILVANOL AUV _ @ _“_

1
=

L E
1

I T
d3LlS NOIWZIMVYLSAHO QM Amv _ o — l
-

==

o

ya

7=

/

77
omU_T mo_ﬁmo_\ o’

20l
W4 HOLONANOJIWAS SNOHAHMOWY /W4 ONIATYIANN 40 NOILVIAYOAS Aqv _ O _ |.H_




US 9,343,570 B2

Sheet 2 of 17

May 17, 2016

U.S. Patent

% Dl 4S¥1, Dbl Db, QrPLDVE) -

NI NN\ INSA] [NENNN 5 7/42 NN rA/J/J r/7£ RN DR _/,__Q/_ 7WZ Hl!!lL

- ; S—— m“ .
ﬂ,t 9 v / _\\\*//H / S . \ﬂ/z\hu/ s_m

{ f f f 4 f } } ! :
o d3.1S 9NIdog +d AD VN @_.m

#_ﬁ /07| 68l 88N LEN /981N AN uw
=R N R e ]@Q‘%]ﬁﬁ NN ]V/z AR z//Z Z,éle

s, NZZIN N2 RPN NvoZiD
NANNIMAN ee LA zer eHd 1o < om_\ AN

V] .
* + v » * » * * n_u._.*m oz_nuoo +c» * AUVN @_ &

L ezl 82l EN 92 G2k, 2y %
_Irz N Tk T r.,,/zjrx“//_: ,_r__,/:lr_/ _/_ __/,,L]Zm_ N )w 77/_H||L

| ALY T | AW

o e 2 | A 7 7%

* + * + + ! + n_m.ﬂm oz_moo -H_ | ! A vN@_.H_

DZ2]
o 22y (o}
| —

-Jl\
I T Ja . e

X \ 53 \A\\ .M i 1// 3 cm__ AY »yxv
) N _N_ﬁo_w_\ . oN_ﬁmm_ ¥ m__Tm__\ m__ﬁm__“ 2N gl
/omm_Tm_ oli ar=rogy Pl g e

qeel
340dLo313 31v9 40 NOILVINYO4 Aqv N O _l

N

N

m,__/

—

1\



US 9,343,570 B2

Sheet 3 0f 17

May 17, 2016

U.S. Patent

- _4INA » LINDHID N
13X1d = ONIAING -
coz | _LINDHIO, ONITWYS LINo¥ID 21907
FONVLIOVAYD [ €02 .r;._mzzwww g e
ONIGIOH p0zZ L4l 73xid | L4L TANNVHD _ 003
v o — e vl U aNo23s d ANOJ3S TANNVHD U 1SHId  J4LTINNYHO d LSHIH
_T-((IIIIP lllllllllll — \.Il\f.lllllj ~ - - A ~ e e,

222 |22 929 8le.  _Lle mnmm gle _avle_ _602

L 622,8%522% bz,

llg_Dbs0g
(22 /,022)912) | BI2"\bgle) Prlel” 22y i~ 9 (ds0ey (90¢

=

UW.ON\Q.\.ON A

1 X
t 1

7
|

NS

NSNEEANNY NN N e NN I N NONEAN N

Z%E f _,zwrr

{

1OVLNOD 40 NOILVMOAH3d / W14 NOILYINSNI H3AVI-H3LNI NIS3d 40 NOILYWHOA

300410373 13xXid ANV 3HIM dv31 40 NOILYAHOAL /370H

L

-

NN J_Ic//z _/eré//_ 7/7/_3_///4. , ,77/:111_7/74.

=N NANNN NI NN
Y2277 221

T 727, ez |

d3als NOILYALLOV Am vmo _ L

3
(.

\1
S — N S R N N S N . YRS —
P 0 ) &2 27 ZZ7

A4 LLZ4]
ovl .
W4 NOILVTINSNI 3A1L03108d 4O NOILVAYHOA Aqvm O _ |H_



US 9,343,570 B2

Sheet 4 of 17

May 17, 2016

U.S. Patent

o
A qe) DSpl, gl qrvh | ovpl gevl L
NN NN NN /:il.l_r_/é N 774]E]7 N _,.Zji/z .r.,T A1
_\ \\\:IAN& E _ v Hﬂ nzz1)
Tore mm /9\_
{ } oo | } *Nm_u } 4 i ]
d31S ONIdOd +d AQV._V mu_h._
% (Ov! 68— /SEN JEEN /SEIN 98I mr
I@ NN N N A NN jr/f [ z//_lé 7/_]_22 AN lé N ﬁ|._
V7774 TN N Neoos 2 V772N
m/w y %% 2g] %% ogi—t\
} vei b A } ! } ! } } { |
d31S 9NIdOQ +u Amv.v @_L
J,r 62 821~ N /52N ;4«
Ew SN VNNV SN RS I — ] %L
o270 2 7 P P i >
09| M_ / 1_J mm_\v/
] | ! ] | } ] ! } f }

d31lS 9NId0d -u



US 9,343,570 B2

Sheet 5 0f 17

May 17, 2016

U.S. Patent

~— ._W__._z: -l 1In2¥190
Xld 1inoy1o onITdwys ONIATHG
G02 ! =100 SNPSNYS LInoYI0, 01901
_ £02 141 202 >
3FONVLIOVdYD | 13NNVHO L4l JINNVHO 102 Ld4L 00g 14l
ONIGTOH pOZ 141 13XId | uaNQd3s d aNo23s TANNVHO U LSHId  TaNNvHO d LsHld
2 N o o ~ g ~ 8
e s e e e~ —( B m e e e e e e —
i
L | L

\ 7
262 9g2 Lol |

300ML03773 13XId ANV 3IHIM av31 40 NOLLVYIWYOA /3710H on m @ L
LOVINOD 40 NOILYHO443d /W71I4 NOILYTINSNI H3IAVT -H3LNI NIS3d 40 NOILYWHOA

% !
NN N Y| NN NSNS\ NANF===yN\N |
% T T T % TS Y 7 L 1 T
, N | NeZH
59 gol ob| 9l
W14 NOILYIASNI 3AILD3LOHd 40 NOILYWHOA Amv nh/ O .H_
JH3IAVT IAILONANOD FONVLSISIH MOT 40 NOLLYWHOA

)

hYJ
(3

NIV NN 77/4 ]7/7__ AN NN NN ]7//_ NN ]E "

oY T T T .

N
pressal == AT pava] Ay
N Kw ) 212! Qom_\Q om:\ om:\m

d3lS NOILVAILOV Aqv m .@ _ m




US 9,343,570 B2

Sheet 6 of 17

May 17, 2016

U.S. Patent

A)

(

FIG. ©

\

L'_:j—
\\ !

65

122

EJ'




U.S. Patent May 17, 2016 Sheet 7 of 17 US 9,343,570 B2

-G T(A)
I%T |6'4 l£1}6 1}8
k —
////// VAT A
S I
I { { -
104 109 T

147 ;65 22 16 123 66
S " A —
S (o R.}r\l %ﬁ !‘5( ) \j—l‘(‘———-?—]
T os Yo los 7
F1G.8(A)
9 e |
X
T T
F1G.8(B
2 2 A R TR T T
N N NG NG NG N N NG N N N
T T
FIG.8(C) s
NN N LN AN N AN




US 9,343,570 B2

Sheet 8 of 17

May 17, 2016

U.S. Patent

-
i

INNNN

N ol 94

L +

| i o\ e e A =\ ki é]r&& J:_WZL\&JTXXT |Z.sz_/r4.¢_ !T.WM]_//@ZI MW,WZT\.

oo |\ P24\ 744 Zz4 lZ22 zZ)

NOILVAILOV @ mu _H_




US 9,343,570 B2

Sheet 9 of 17

May 17, 2016

U.S. Patent

- LIND - 1IN2¥I1D -
~3xId | LINOHID ONMdAYS  9NIAING -~
GOz _ - >0z 1IN0¥8I0 219071
3ONVLIOV4Y | 02 g —
oz_o._om 02 L4l 13xid | Ll TINNVHD .E.ﬁa._wnw_wwm A0 A3 002 1dl
R ~ | aNod3s NVH U LSMI4 TINNVHO d 1swid
L “ L
TN N ///r/_ _//Z/~ 47/7 A N ARN [NNN _//VJ NN 7/7/4 NN N
ey el e e
N L r L T .4 L f P <) wm
vy §\ w
/K __,wV/fK, N_/ ~—\ T < AN < /V\xrl__
] ) osr’ (5
8/ :m_ ol g/l 8l m _ _ mu _ H_ 641
3LvH1sSaNsS d3s0d4d0 40 9NIONOS
I 1
N 7//4& TN SN = r,/ A_ = N NN
i _.[ [4.. \_- \
\_ \P & ‘ ' AN N . Y
) 8G)
2G] 12 “ i lo]o74 2¢) \
v/ £ Nt\

INIWLIVIYL ONigany
/430VdS 40 NOILYWYHOA /W14 NOILYLNIINO 40 NOILYANOA



US 9,343,570 B2

Sheet 10 of 17

May 17, 2016

U.S. Patent

|
-~ LINA ol 1InoH12 _
73Xid ! ONIATHA
coz | Lin2I0 oNIgWYS LINOID 1907
| c0¢ 20¢ - o
MOZQm.uﬂ_“wM.%Mm 02 141 713Xld [ 141 13NNYHD 141 T3ANNVHD: 10¢ 131 002 141
- ~ h ~ | U _aNood3s d ANOJ3S T3INNVHO U 1SHId T3INNVHD d 1SHid
_ Ve ~ e -~ } —————
L “ 1
— TN S S SN N _ NN & NN TS NN S AN NN RS A N
B s m |
N AN > > v
Al ) / AV L A A
<~ DY g~ S ANk i AN < ~ ~_ T \_ 7
A A
A O | I TAL]
211 el / 821 R Iazll DN,_ pzil o2/l qQz2ll DZ2.Ll 6.1
vl 9.1

¢l 914



U.S. Patent May 17, 2016 Sheet 11 of 17 US 9,343,570 B2

T T T 1
' l
|
|
i
FIG. 13 ;
______ |
—
L3 R: RADIUS OF
1/ CURVATURE
Py ) S ol |
| ] |
" . L 9%, !
| | k
| ! : | _:
il i L2 L_4J 1l T
T C T
SECTIONAL TYPICAL VIEW
OF SPACER
187 72" 182 g3 O
) | /
NN WA PR
A4 Ay /1
) i ———————t ) | Y
NS
kll“x__ NS V. ___~;
pa—— N
I\ ~ K

] K o] /\‘

>

4

[
/1
SSANSN N SNN

(A
[
|
1
1 1
| I
by
©
(®

AN

N
wa
P~
=2

\
Z 77 ZZIZTZZZETL

179 188

N
N
INY
IN
N
N

J-H
N—
™
o



U.S. Patent May 17, 2016 Sheet 12 of 17 US 9,343,570 B2

FIG.15

183 186 (52 122 205
\ \ L/ /
A A

256

¥
(i
R

2

F//}/\/\\\\
i
S

'\\\\\\\\\\X N

Q\\
Ak

158 |22 108/ |p3 122 187
N/ R NN
;f;ﬁﬁ% A \X\\\xxxﬁi
WAL H7INN
NI o N
NI N
N K N
IS

N

\\__ ]




U.S. Patent May 17, 2016 Sheet 13 of 17 US 9,343,570 B2

it T 7
— P
N
\/
f
N
I85: SCANNING SIGNAL Ql%i;
DRIVING CIRCUIT (B) Q = [
N
[y =
5|3 ’r\z 2
o |O ¥ '
o |E & = g N
z 0|9 |3 N
> =15 |5 |8 = g 4
> |z = =
& k& |80 5 N
e ; 5
g T | |G)|7 = 7/
—_— [a ¥ ¢
aclt (B E S z =7
Wi =2
135 |13 @ Y [
x5 15l.. @ =
=02 A i |« @ 7
o O |0 |0 |0 v
® [0 0 0 |0
0 i _6
)3 —{BUFFER CIRCUIT . A 2
©, ||LEVEL SHIFTER %
N~ TTCIRCUIT y
N Q |[SHIFT REGISTER NN ~O
) _ACIRCUIT 7|
. £ |185: SCANNING SIGNAL 2l
) ] DRIVING CIRCUIT ol e
(A) @ \:1
— N 0
[o2 D .
L ~ =
E—
- o
QS\" <5t &
! #
9 ||A
O 7Y
\9] :/ ;‘
w n 9 UL (N
(@] AT
[8)]
P mN :§/ -
L N (11|
o
O s —
— © 4
|
1
LL I




US 9,343,570 B2

Sheet 14 of 17

May 17, 2016

U.S. Patent

L
TR N |
(G4
ZI 7.
\ /& .
<X 02914
C T ‘esl
LINN | 11no4d10
I i— b " il ONIAIYA -
a0z | LINOHID ONITJWYS LINoHID 21907
~ P .
JONVLIOVdYD 02 202 - ~
ONIQ10H 02 L4l 13Xid | L4L TINNVAD LdL TINNVHO 102 141 002 14l
BALLL AL L1 o~ ~ | _UdNOJ3S con_/m ._wzz<xo U isuid __TANNVHD a LsHid
]
|




U.S. Patent May 17, 2016 Sheet 15 of 17 US 9,343,570 B2

FIG.21(A)

APPEARANCE VIEW AND SECTIONAL VIEW OF PORTABLE INFORMATION
TERMINAL (OPTICAL TOUCH PANEL)

DISPLAY DEVICE 2205
TOUCH PANEL 3002

LCD PANEL 3003 2202
LED BACK-LIGHT 3004 /
APPEARANCE VIEW | \| \\ O

L A

i
}
LIGHT LIGH'It"l
PATH Q PATHD!  _LIGHT RECEIVING
\ \Q//// l&(DEVICE 3200
REZ TOUCH PANEL
] }3002

LIGHT EMITING
ELEMENT 3/00

SECTIONAL VIEW [ru EANI N _l‘l EANERNEBN NN m: LIQUID CRYSTAL
0 i ;- DISPLAY DEVICE
7/ 3003
COLUMNAR SPACER 3005 LED BACK-LIGHT
3004

FIG.21(B)

SECTIONAL VIEW OF PIXEL UNIT

MI? 169 171 169
AN ~IT] N\ L\ | \l (\}g // i /TL
jﬁ_ﬂ _ 4UL’—Z—4‘E\HJ,Y 2
ANNN N B A AN NN R
P -~
T T
B vl

= T
PIXEL TFT 204 HOLDING
CAPACITANCE 205
- PIXEL .

UNIT




U.S. Patent May 17, 2016 Sheet 16 of 17 US 9,343,570 B2

F1G.22(C)

IS
) @ L \
2203 — -
54\\\\\\ 2302 ~ 4%3072302

2204

2
FlGZZ(E) , 2304

FIG.22(F)

2504
550 2503

2502




U.S. Patent May 17, 2016 Sheet 17 of 17

US 9,343,570 B2

FIG.23(A) FIG.23(B)

2601

270l

2702 ,
. 2704
) ) TO SCREEN
LIGHT SOURCE OPTICAL SYSTEM 2809
AND DISPLAY DEVICE 2808 \ I 4 2810
(THREE PLATE TYPE) 2809 \\ [y 2807 2806
2805 N 1 }
I HLUJU 280|
\ [ — \//\<
=
| e na— |
N
N \ N
N N\ N
\ J By
2804 2803 2802

FlGZB(D) ey

2811
LIGHT SOURCE /ST‘;
OPTICAL SYSTEM ) 2812
B4 =Ll ogy3
Q(\
% 2815
2 ‘ /“ZBIG




US 9,343,570 B2

1
SEMICONDUCTOR DEVICE AND
FABRICATION METHOD THEREOF

This application is a divisional of U.S. application Ser. No.
14/021,168 filed Sep. 9, 2013 which is a divisional of U.S.
application Ser. No. 12/512,173 filed Jul. 30, 2009 (now U.S.
Pat. No. 8,530,896 issued Sep. 10, 2013) which is a divisional
of U.S. application Ser. No. 10/871,621 filed Jun. 18, 2004
(now U.S. Pat. No. 7,569,854 issued Aug. 4, 2009) which is a
divisional of U.S. application Ser. No. 09/610,217 filed Jul. 5,
2000 (now U.S. Pat. No. 6,777,254 issued Aug. 17, 2004), all
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor device having a
circuit comprising thin film transistors (hereinafter called
“TFT”) on a substrate having an insulation surface, and a
fabrication method thereof. More particularly, the present
invention provides a technology that will be utilized advan-
tageously for an electro-optical device typified by a liquid
crystal display device having a pixel unit and a driving circuit
disposed round the pixel unit, and for an electronic appliance
having such an electro-optical device mounted thereto. Inci-
dentally, the term “semiconductor device” used herein repre-
sents those devices which operate by utilizing semiconductor
characteristics, and embraces within its scope the electro-
optical devices as well as the electronic appliances having the
electro-optical device mounted thereto that are described
above.

2. Description of the Related Art

A technology that uses TFTs for constituting switching
devices and functional circuits has been developed in the
electro-optical device typified by an active matrix type liquid
crystal display device. In the TFT, a semiconductor film is
grown on a substrate such as a sheet of glass by a vapor phase
growing method, and the semiconductor film is used as an
active layer. Silicon or a material consisting of silicon as the
principal component such as silicon-germanium has been
used appropriately for the semiconductor film. An amorphous
silicon film and a crystalline silicon film represented by a
polycrystalline silicon film can be obtained depending on the
formation method of the silicon semiconductor film.

The TFT using the amorphous silicon film for the active
layer cannot essentially acquire field effect mobility of
greater than several cm*/Vsec because of its electro-physical
factors resulting from the amorphous structure, and so forth.
Therefore, though it can be used as a switching device (pixel
TFT) for driving a liquid crystal disposed at each pixel of a
pixel unit in an active matrix type liquid crystal device, the
amorphous silicon film cannot form a driving circuit for
effecting image display. For this reason, a technology of
packaging a driver IC, etc, by using a TAB (Tape Automated
Bonding) system or a COG (Chip on Glass) system has been
employed.

On the other hand, the TFT using the crystalline silicon
film for the active layer can acquire high field effect mobility
and can form various functional circuits on the same glass
substrate. The crystalline silicon film makes it possible to
fabricate a shift register circuit, a level shifter circuit, a buffer
circuit, a sampling circuit, and the like, each comprising a
CMOS circuit including n channel TFTs and p channel TFTs
in the driving circuit besides the pixel TFTs. To achieve the
reduction of weight and thickness in the liquid crystal display
device on the basis of such a technology, it has proved clear
that the TFT using the crystalline semiconductor film, that
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can form integrally the driving circuit on the same substrate
besides the pixel unit, for the active layer is suitable.

From the aspect of performance of the TFT, the active layer
using the crystalline silicon film is superior. To form the TFT
that can cope with various circuits besides the pixel TFTs,
however, the fabrication steps become complicated and the
number of process steps increases. The increase of the num-
ber of process steps in turn results in the increase of the
production cost and lowers also the production yield.

For example, the operating condition of the circuits are not
always the same for the pixel TFT and the TFT of the driving
circuit. Therefore, the characteristics required for each TFT
are different. The pixel TFT comprises an n channel TFT,
applies the voltage and drives a liquid crystal as a switching
device. Since the liquid crystal is driven by the alternating
current, a system called “frame inversion driving” has been
used widely. To limit power consumption to a low leveling
this system, one of the characteristics required for the pixel
TFT is to restrict an OFF current value (a drain current that
flows when the TFT is under the OFF operation) to a suffi-
ciently low level. On the other hand, a high driving voltage is
applied to a buffer circuit of a control circuit. Therefore, the
withstand voltage must be increased less the TFT is not bro-
ken even when a high voltage is applied thereto. To improve
a current driving capacity, a sufficient ON current value (the
drain current that flows when the TFT is under the ON opera-
tion) must be secured.

A lightly doped drain (LDD) structure is known as a TFT
structure for reducing the OFF current value. This structure
disposes an impurity region, to which an impurity element is
added in a concentration lower than that of a source or drain
region, between a channel formation region and the source or
drain region that is formed by adding an impurity element in
ahigh concentration. This impurity region is called the “L.DD
region”.

As described above, the required characteristics are not
always the same between the pixel TFT and the TFT used for
the driving circuit such as the shift register circuit or the buffer
circuit. For example, a large back-bias (a negative voltage in
the case of the n channel TFT) to the gate of the pixel TFT, but
the TFT ofthe driving circuit does not basically operate under
the back-bias state. As to the operation speed, too, the opera-
tion speed of the pixel TF'T may not be higher than %100 of that
of the TFT of the control circuit.

To stabilize the operation of these circuit fabricated by
using the n- and p-channel TFTs, the threshold voltage and
sub-threshold coefficient (S value) of the TFTs must be kept
within predetermined ranges. For this purpose, the TF'T must
be examined from the aspects of both structure and material.

SUMMARY OF THE INVENTION

The present invention contemplates to provide a technol-
ogy that solves these problems. In electro-optical devices
typified by an active matrix liquid crystal device fabricated by
using TFTs, the present invention is directed to improve the
operation characteristics and reliability of the semiconductor
devices by optimizing the structures of the TFTs employed in
various circuits in accordance with the functions of the
respective circuits, to lower power consumption, and the pro-
duction cost by reducing the number of process steps, and to
improve the production yield.

To accomplish the reduction of the production cost and the
improvement of the production yield by reducing the number
of process steps, the number of photo-masks used for the
fabrication of the TFT must be reduced. In photolithography,
the photo-mask is used for forming a resist pattern as the mask



US 9,343,570 B2

3

for the etching process on the substrate. Therefore, when one
photo-mask is used, additional process steps such as peeling,
washing, drying, etc, of the resist are necessary before and
after the etching step in addition to the process steps of the
film formation and etching. In the photolithography step, too,
complicated process steps such as the application of the resist,
pre-baking, exposure, development, post-baking, etc, are
necessary.

To accomplish the object described above, the present
invention provides a semiconductor device having, on the
same substrate, pixel TFTs disposed in a pixel unit and a
driving circuit including p channel type TFTs and n channel
type TFTs and disposed round the pixel unit, wherein the p
channel type TFT of the driving circuit has a channel forma-
tion region and a p type impurity region having a third con-
centration, for forming a source region or a drain region; the
n channel type TFT of the driving circuit and the pixel TFT
each have a channel formation region, an n type impurity
region having a first concentration, disposed in contact with
the channel formation region and forming an LDD region,
and an n type impurity region for forming a source region or
a drain region, having a second concentration and disposed
outside the n type impurity region having the first concentra-
tion; and each pixel electrode disposed in the pixel unit and
having a light reflecting surface is formed on an inter-layer
insulation film made of an organic insulating material, and is
connected to the pixel TFT through a hole bored in at least a
protective insulation film made of an inorganic insulating
material and disposed above a gate electrode of said pixel
TFT and said inter-layer insulation film formed on the insu-
lation film in close contact therewith.

Another construction of the present invention provides a
semiconductor device having, on the same substrate, pixel
TFTs disposed in a pixel unit and a driving circuit including
p channel type TFTs and n channel type TFTs and disposed
round the pixel unit, wherein: the p channel type TFT of the
driving circuit has a channel formation region and a p type
impurity region having a third concentration, for forming a
source region or a drain region; the n channel type TFT of the
driving circuit and the pixel TFT each have a channel forma-
tion region, an n type impurity region having a first concen-
tration, disposed in contact with the channel formation region
and forming an LDD region, and an n type impurity region for
forming a source region or a drain region, having a second
concentration and disposed outside the n type impurity region
having the first concentration; and each pixel electrode dis-
posed in the pixel unit and having a light reflecting surface is
formed on an inter-layer insulation film made of an organic
insulating material, and is connected to an electrically con-
ductive lead wire connected to the pixel TFT, through a hole
bored in at least a protective insulation film made of an
inorganic insulating material and disposed above a gate elec-
trode of said pixel TFT and said inter-layer insulation film
formed on the protective insulation film in close contact
therewith.

Another construction of the present invention provides a
semiconductor device having a liquid crystal sandwiched
between a pair of substrates, wherein, in one of said substrates
having pixel TFT of a pixel unit and p channel type TFTs and
n channel type TFTs of a driving circuit; the p channel type
TFT of the driving circuit has a channel formation region and
a p type impurity region having a third concentration, for
forming a source region or a drain region; the n channel type
TFT of said driving circuit and the pixel TFT each have a
channel formation region, an n type impurity region having a
first concentration, disposed in contact with the channel for-
mation region and forming an L.DD region, and an n type
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impurity region for forming a source region or a drain region,
having a second concentration and disposed outside said n
type impurity region having the first concentration; each pixel
electrode disposed in the pixel unit and having a light reflect-
ing surface is formed on an inter-layer insulation film made of
an organic insulating material and is connected to said pixel
TFT through a hole bored in at least a protective insulation
film made of an inorganic insulating material and disposed
above a gate electrode of the pixel TFT and said inter-layer
insulation film formed on the protective insulation film in
close contact therewith; and this one substrate is bonded to the
other substrate having a transparent conductor film formed
thereon through at least one columnar spacer formed in super-
position with the hole.

Another construction of the present invention provides a
semiconductor device having a liquid crystal sandwiched
between a pair of substrates, wherein, in one of the substrates
having pixel TFTs of a pixel unit and p channel type TFTs and
n channel type TFTs of a driving circuit; the p channel type
TFT of the driving circuit has a channel formation region and
a p type impurity region having a third concentration, for
forming a source region or a drain region; the n channel type
TFT of the driving circuit and the pixel TFT each have a
channel formation region, an n type impurity region having a
first concentration, disposed in contact with the channel for-
mation region and forming an L.DD region, and an n type
impurity region for forming a source region or a drain region,
having a second concentration and disposed outside the n type
impurity region having the first concentration; each pixel
electrode disposed in the pixel unit and having a light trans-
mitting property is formed on an inter-layer insulation film
made of an organic insulating material and is connected to a
conductive metal lead wire connected to the pixel TFT
through a hole bored in at least a protective insulation film
made of an inorganic insulating material and disposed above
a gate electrode and said inter-layer insulation film formed on
the protective insulation film in close contact therewith; and

this one substrate is bonded to the other of the substrates
having a transparent conductor formed thereon through at
least one columnar spacer formed in superposition with the
hole.

In the present invention, the p channel type TFT of the
driving circuit has an offset region formed between the chan-
nel formation region and the p type impurity region having the
third concentration, for forming the source region or the drain
region.

In a method of fabricating a semiconductor device having,
on the same substrate, pixel TFTs disposed in a pixel unit and
adriving circuit including p channel type TFTs and n channel
type TFTs and disposed round said pixel unit, a method of
fabricating a semiconductor device according to the present
invention comprises the steps of: forming an underlying film
on the substrate; forming a plurality of island-like semicon-
ductor layers on the underlying film; forming an n type impu-
rity region having a first concentration, for forming an LDD
region of the n channel type TFT of the driving circuit and the
pixel TFT in a selected region of the island-like semiconduc-
tor layer; forming an n type impurity region having a second
concentration, for forming a source region or a drain region
outside the n type impurity region having the first concentra-
tion; forming a p type impurity region having a third concen-
tration, for forming a source region or a drain region of the p
channel type TFT of the driving circuit in a selected region of
the island-like semiconductor layer; forming a protective
insulation film formed of an inorganic insulating material
above the n channel type TFT of the driving circuit, the pixel
TFT and the p channel type TFT; forming an inter-layer
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insulation film formed of an organic insulating material in
close contact with the protective insulation film; and forming
a pixel electrode having a light reflecting surface and con-
nected to the pixel TFT on the inter-layer insulating film.

In a method of fabricating a semiconductor device having,
on the same substrate, pixel TFTs disposed in a pixel unit and
a driving circuit including p channel type TFTs and n channel
type TFTs and disposed round the pixel unit, the present
invention provides a method of fabricating a semiconductor
device that comprises the steps of: forming an underlying film
on the substrate; forming a plurality of island-like semicon-
ductor layers on the underlying film; forming an n type impu-
rity region having a first concentration, for forming an LDD
region of the n channel type TFT of the driving circuit and the
pixel TFT in a selected region of the island-like semiconduc-
tor layer; forming a high concentration n type impurity region
for forming a source region or a drain region outside the ntype
impurity region having the first concentration; forming a p
type impurity region having a third concentration, for form-
ing a source region or a drain region of the p channel type TFT
of the driving circuit in a selected region of the island-like
semiconductor layers; forming a protective insulation film
formed of an inorganic insulating material above the n chan-
nel type TFT of the driving circuit, the pixel TFT and the p
channel type TFT; forming an inter-layer insulation film
formed of an organic insulating material in close contact with
the protective insulation film; forming a conductive metal
lead wires to be connected to the pixel TFT; and forming a
pixel electrode comprising a transparent conductor film to be
connected to the conductive metal lead wires, on the inter-
layer insulation film.

In a method of fabricating a semiconductor device having
a liquid crystal sandwiched between a pair of substrates, the
present invention provides a method of fabricating a semi-
conductor device that comprises the following steps for one
of'substrates including pixel TFTs disposed in a pixel unit and
a driving circuit having p channel type TFTs and n channel
type TFTs round the pixel unit: forming an underlying film on
the substrate; forming a plurality of island-like semiconduc-
tor layer on the underlying film; forming an n type impurity
region having a first concentration, for forming an LDD
region of the n channel type TFT of the driving circuit and the
pixel TFT, in a selected region of the island-like semiconduc-
tor layers; forming an n type impurity region having a second
concentration, for forming a source region or a drain region
outside the n type impurity region having the first concentra-
tion; forming a p type impurity region having a third concen-
tration, for forming a source region or a drain region of the p
channel type TFT of said driving circuit, in a selected region
of the island-like semiconductor layer; forming a protective
insulation film formed of an inorganic insulating material
above the gate electrodes of the n channel type TFT of the
driving circuit, the pixel TFT and the p channel type TFT;
forming an inter-layer insulating film formed of an organic
insulating material in close contact with the protective insu-
lation film; and forming a pixel electrode having a light
reflecting surface and to be connected to the pixel TFT
through a hole bored in the inter-layer insulation film and in
the protective insulation film, on the inter-layer insulation
film: and comprises, as for the other of the substrates, the step
of forming at least a transparent conductor film; the method
further comprising the step of bonding the one substrate to the
other substrate through at least one columnar spacer formed
in superposition with the hole.

In a method of fabricating a semiconductor device having
a liquid crystal sandwiched between a pair of substrates, the
present invention provides a method of fabricating a semi-
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conductor device that comprises the following steps for one
of substrates having pixel TFTs disposed in a pixel unit and a
driving circuit having p channel type TFTs and n channel type
TFTs and disposed round the pixel unit; forming an underly-
ing film on the substrate; forming a plurality of island-like
semiconductor layers on the underlying film; forming an n
type impurity region having a first concentration, for forming
an LDD region of the n channel type TFT and the pixel TFT,
in a selected region of the island-like semiconductor layer;
forming an n type impurity region having a second concen-
tration, for forming a source region or a drain region outside
the n type impurity region having the first concentration;
forming a p type impurity region having a third concentration,
for forming a source region or a drain region of the p channel
type TFT of the driving circuit, in a selected region of the
island-like semiconductor layer; forming a protective insula-
tion film formed of an inorganic insulating material above the
n channel type TFT of the driving circuit, the pixel TFT and
the p channel type TFT; forming an inter-layer insulation film
formed of an organic insulating material in close contact with
the protective insulation film; forming a conductive metal
lead wire connected to the pixel TFT, through a hole bored in
the inter-layer insulation film and the protective insulation
film; and forming a pixel electrode comprising a transparent
conductor film to be connected to the metal lead wire, on the
inter-layer insulation film; and comprises, as for the other of
the substrates, the step of forming at least a transparent con-
ductor film on the other of the substrates; the method further
comprising the step of bonding the one substrate to the other
substrate through at least one columnar spacer formed in
superposition with the hole.

In the method of fabricating a semiconductor device
described above, as for the p channel type TFT of the driving
circuit, the step of forming a p type impurity region having a
third concentration, for forming a source region or a drain
region of the p channel type TFT can be conducted in a
selected region of the island-like semiconductor layers after
the step of forming the protective insulation film formed of an
inorganic insulating material, on the gate electrode of the p
channel type TFT, and an offset region can be formed between
the channel formation region of the p channel type TFT and
the p type impurity region having the third concentration, for
forming the source region or the drain region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(A) to 1(D) are sectional views showing a fabrica-
tion step of a pixel TFT and a TFT of a driving circuit;

FIGS. 2(A) to 2(D) are sectional views showing a fabrica-
tion step of the pixel TFT and the TFT of the driving circuit;

FIGS. 3(A) to 3(C) are sectional views showing a fabrica-
tion step of the pixel TFT and the TFT of the driving circuit;

FIGS. 4(A) to 4(C) are sectional views showing a fabrica-
tion step of the pixel TFT and the TFT of the driving circuit;

FIGS. 5(A) to 5(C) are sectional views showing a fabrica-
tion step of the pixel TFT and the TFT of the driving circuit;

FIGS. 6(A) and 6(B) are top views showing the construc-
tion of the TFT of the driving circuit and the pixel TFT;

FIGS. 7(A) and 7(B) are sectional views showing a fabri-
cation step of the TFT of the driving circuit;

FIGS. 8(A) to 8(C) are sectional views showing a fabrica-
tion step of a crystalline semiconductor film;

FIG. 9 is a sectional view showing a fabrication step of the
pixel TFT and the TFT of the driving circuit;

FIGS. 10(A) to 10(B) are sectional views showing a fabri-
cation step ofthe pixel TFT and the TFT of the driving circuit;
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FIGS. 11(A) to 11(B) are sectional views showing a fabri-
cation step of an active matrix type liquid crystal display
device;

FIG. 12 is a sectional view showing a fabrication step of the
active matrix type liquid crystal device;

FIG. 13 is an explanatory view useful for explaining the
shape of a columnar spacer;

FIG. 14 is a top view useful for explaining the arrangement
of input/output terminals, wires, circuit arrangement, spacers
and sealants of a liquid crystal display device;

FIG. 15 is a perspective view showing the construction of
the liquid crystal display device;

FIG. 16 is a top view showing the pixel of the pixel unit;

FIG. 17 is a block diagram useful for explaining the circuit
construction of the liquid crystal display device;

FIG. 18 is an explanatory view useful for explaining the
connection structure between a flexible printed board and
external input/output terminals;

FIG. 19 is a sectional view showing a fabrication step of an
active matrix type liquid crystal display device;

FIG. 20 is an explanatory view useful for explaining the
connection structure between the flexible printed board and
the external input/output terminals;

FIG. 21(A) is a schematic view showing an example of
semiconductor devices;

FIG. 21(B) is a sectional view showing a pixel unit of the
semiconductor devices;

FIGS. 22(A) to 22(F) are schematic views showing
examples of the semiconductor devices;

FIGS. 23(A) and 23(B) are schematic views showing the
construction of projection type liquid crystal display devices;

FIG. 23(C) is a schematic view showing a light source
optical system and a display device shownin FIGS. 23(A) and
23(B); and

FIG. 23(D) is a schematic view showing a light source
optical system shown in FIG. 23(C).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be explained in detail.
Embodiment 1

The first embodiment of the present invention will be
explained with reference to FIGS. 1 to 3. In this embodiment,
a method of forming simultaneously pixel TFTs and holding
capacitances of a pixel unit and TFTs of a driving circuit
disposed round the display region will be explained step-wise
in detail.

InFIG. 1(A), barium borosilicate glass or aluminoborosili-
cate glass as typified by Corning #7059 glass and #1737 glass
can beused fora substrate 101. Besides these glass substrates,
plastic substrates not having optical anisotropy such as poly-
ethylene terephthalate (PET), polyethylene naphthalate
(PEN), polyethersulfone (PES), etc, can be used, too. When
the glass substrate is used, the substrate may be heat-treated in
advance at a temperature lower by about 10 to 20° C. than a
glass strain point. An underlying film 102 such as a silicon
oxide film, a silicon nitride film or a silicon oxide nitride film
is formed on the surface of the substrate 101, on which TFT is
to be formed, in order to prevent the diffusion of impurities
from the substrate 101. For example, the silicon oxide nitride
film 102a prepared from SiH,, NH; and N,O is formed to a
thickness of 10 to 200 nm (preferably, 50 to 100 nm) by a
plasma CVD process. Similarly, a hydrogenated silicon oxide
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nitride film 1025 prepared from SiH, and N,O is formed to a
thickness of 50 to 200 nm (preferably, 100 to 150 nm) in
lamination.

The silicon oxide nitride film is formed by using the con-
ventional parallel flat sheet type plasma CVD process. The
silicon oxide nitride film 102a is formed by introducing SiH,,
at 10 sccm, NH; at 100 sccm and N,O at 20 sccm into a
reaction chamber under the condition of a substrate tempera-
ture of 325° C., a reaction pressure of 40 Pa, a discharge
power density of 0.41 W/cm? and a discharge frequency of 60
MHz. These films can be formed by only changing the sub-
strate temperature and by switching the reactive gases.

The silicon oxide nitride film 102g thus formed has a
density of 9.28x10**/cm?, has an etching rate of about 63
nm/min in a mixed solution (“LALS500”, a product of Stella
Chemif a Co.) containing 7.13% of ammonium hydrogen-
fluoride (NH,HF,) and 15.4% of ammonium fluoride at 20°
C., and is a compact and hard film. When such a film is used
for the underlying film, the diffusion of alkali metal elements
from the glass substrate into the semiconductor layers formed
thereon can be effectively prevented.

Next, a semiconductor layer 103q having a thickness of 25
to 80 nm (preferably, 30 to 60 nm) and an amorphous struc-
ture is formed by a known method such as a plasma CVD
process or a sputtering process. For example, the amorphous
silicon film is formed to a thickness of 55 nm by the plasma
CVD process. Semiconductor films having such an amor-
phous structure include an amorphous semiconductor film
and a microcrystalline semiconductor film, and a compound
semiconductor film having an amorphous structure such as an
amorphous silicon-germanium film may be used. Bothunder-
lying film 102 and amorphous semiconductor layer 103a can
be formed continuously. For example, after the silicon oxide
nitride film 102¢ and the hydrogenated silicon oxide nitride
film 1025 are formed continuously by the plasma CVD pro-
cess as described above, the film formation can be carried out
continuously by switching the reactive gases from SiH,, N,O
and H, to SiH, and H, or SiH, alone, without exposing them
once to the atmosphere of the open air. As a result, the con-
tamination of the surface of the hydrogenated silicon oxide
nitride film 1025 can be prevented, and variance of the char-
acteristics of the TFT to be fabricated and fluctuation of the
threshold voltage can be reduced.

The crystallization step is then carried out to form a crys-
talline semiconductor layer 1035 from the amorphous semi-
conductor layer 103a. A laser annealing method, a thermal
annealing method (solid phase growing method) or a rapid
thermal annealing method (RTA method) can be used for this
method. When the glass substrate or the plastic substrate
having a low heat resistance is used, the laser annealing
method is employed preferably. The RTA method uses an IR
lamp, a halogen lamp, a metal halide lamp or a xenon lamp as
the light source. Alternatively, the crystalline semiconductor
layer 1035 can be formed by the crystallization method using
a catalytic element in accordance with the technology dis-
closed in Japanese Patent Laid-Open No. 7-130652. In the
crystallization step, hydrogen contained in the amorphous
semiconductor layer is first discharged preferably. After heat-
treatment is conducted at 400 to 500° C. for about 1 hour to
lower the hydrogen content to 5 atom % or below, the crys-
tallization step is then conducted. In this way, coarsening of
the film surface can be prevented advantageously.

When the crystallization step is conducted by the laser
annealing method, a pulse oscillation type or continuous light
emission type excimer laser, or an argon laser is used as the
light source. When the pulse oscillation type excimer laser is
used, the laser beam is processed to a linear shape and laser
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annealing is then conducted. The laser annealing condition
can be selected appropriately. For example, the laser pulse
oscillation is 30 Hz and the laser energy density is 100 to 500
mJ/em? (typically, 300 to 400 mJ/cm?). The linear beams are
irradiated to the entire surface of the substrate, and the overlap
ratio of the linear beams at this time is 80 to 98%. In this way,
the crystalline semiconductor layer 1035 can be obtained as
shown in FIG. 1(B).

A resist pattern is formed by photolithography that uses a
photo-mask 1 (PM1) on the crystalline semiconductor layer
1034. The crystalline semiconductor layer is divided into an
island shape by dry etching, forming thereby island-like
semiconductor layers 104 to 108. A mixed gas of CF, and O,
is used for dry etching. To control the threshold voltage (Vth)
of the TFT, an impurity for imparting the P type may be
applied in a concentration of about 1x10*° to 5x10'7 atoms/
cm® to the entire surface of the island-like semiconductor
layers. The elements of the Group XIII of the Periodic Table
such as boron (B), aluminum (Al) or gallium (Ga) are known
as the impurity elements for imparting the p type to the
semiconductor. Ion implantation or ion doping is known as
the method of doping these elements, but ion doping is suit-
able for processing a substrate having a large area. This ion
doping method uses diborane (B,H;) as a source gas and adds
boron (B). Injection of such an impurity element is not always
necessary and may be omitted. However, this is the method
that can be used appropriately for keeping the threshold volt-
age of the n channel TFT, in particular, within a predeter-
mined range.

A gate insulation film 109 is formed of a silicon-containing
insulation film having a thickness of 40 to 150 nm by the
plasma CVD method or the sputtering method. For example,
it is advisable to form a silicon oxide nitride film having a
thickness of 120 nm. The silicon oxide nitride film that is
formed by adding O, to SiH, and N,O has a reduced fixed
charge density in the film. Therefore, this film is a preferable
material for this application. Needless to say, the gate insula-
tion film is not particularly limited to such a silicon oxide
nitride film but may be a single layered film of other silicon-
containing insulation film or their laminate structure (FIG.
1(O)).

A heat-resistant conductor layer is formed as shown in
FIG. 1(D) to form a gate electrode on the gate insulation film
109. The heat-resistant conductor layer may comprise a
single layer, but may be a laminate structure of two or more
layers, whenever necessary. For example, a laminate structure
of'the conductor layer (A) 110 made of the conductive metal
nitride film and the conductor layer (B) 111 made of the metal
film may be preferably used by using such a heat-resistant
conductor material. The conductor layer (B) 111 may be
made of an element selected from tantalum (Ta), titanium
(Ti), molybdenum (Mo) and tungsten (W), or alloys consist-
ing of these elements as the principal component or alloy
films comprising the combination of these elements (typi-
cally, an Mo—W alloy film, an Mo—Ta alloy film). The
conductor layer (A) 110 is formed of tantalum nitride (TaN),
tungsten nitride (WN), titanium nitride (TiN) or molybdenum
nitride (MoN). Alternatively, tungsten silicide, titanium sili-
cide or molybdenum silicide may be used for the conductor
layer (A) 110. The impurity concentration of the conductor
layer (B) 111 is preferably lowered so as to achieve a low
resistance. As to the oxygen concentration, in particular, the
concentration is preferably 30 ppm or below. When the oxy-
gen concentration is 30 ppm or below, a specific resistance
value of not higher than 20 pf2cm can be accomplished for
tungsten (W), for example.
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The thickness of the conductor layer (A) 110 is from 10 to
50 nm (preferably, 20 to 30 nm) and the thickness of the
conductor layer (B) 111 is 200 to 400 nm (preferably, 250 to
350 nm). When W is used for the gate electrode, tungsten
nitride (WN) is formed to a thickness of 50 nm for the con-
ductor layer (A) 111 and W is formed to a thickness of 250 nm
for the conductor layer (B) 110 by the sputtering method
using W as a target and by introducing an argon (Ar) gas and
a nitrogen (N,) gas. As another method, a thermal CVD
method may be used for forming the W film by using tungsten
hexafluoride (WFy). In any case, the resistance of the gate
electrode must be lowered, and the resistivity of the W film is
preferably not higher than 20 pQcm. The low resistivity of the
W film can be accomplished by increasing the crystal grain
size, but the resistance becomes high when the contents of the
impurity elements such as O in W are great because crystal-
lization is impeded. Therefore, when the sputtering method is
employed, the W target used has a purity of 99.9999%, and
sufficient attention should be paid lest impurities mix from
the gaseous phase during the formation of the film. In this
way, the resistivity of 9 to 20 uQcm can be achieved.

On the other hand, when the conductor layer (A) 110 uses
a TaN film and the conductor layer (B) 111 uses a Ta film,
these films can be formed simultaneously by sputtering. To
form the TaN film, Ta is used as the target and a mixed gas of
Ar and nitrogen, as the sputtering gas. Argon (Ar) is used as
the sputtering gas to form the Ta film. When a suitable amount
of Xe or Kr is added to the sputtering gas, the internal stress
of the resulting films can be mitigated and peel of the films
can be prevented. The resistivity of the a phase Ta film is
about 20 puQcm, and this film can be used for the gate elec-
trode. However, the resistivity of the § phase Ta film is about
180 uQcm and this film is not suitable for the gate electrode.
The TaN film has a crystal structure approximate to that of the
a phase. Therefore, when the Ta film is formed on the TaN
film, the a phase Ta film can be obtained easily. Incidentally,
it is effective to form a P-doped silicon film to a thickness of
about 2 to about 20 mm below the conductor layer (A) 110,
though this film is not shown in the drawing. This film
improves adhesion of the conductor film to be formed
thereon, prevents oxidation and can prevent the diffusion of
the alkali metal element, that is contained in a trace amount in
the conductor layer (A) 110 or in the conductor layer (B) 111,
into the gate insulation film 109. In any case, the resistivity of
the conductor layer (B) 111 is preferably within the range of
10 to 50 pQcm.

Next, resist masks 112 to 117 are formed by photolithog-
raphy with a photo-mask 2 (PM2). The conductor layer (A)
110 and the conductor layer (B) 111 are collectively etched to
form gate electrodes 118 to 122 and a capacitance lead wire
123. These gate electrodes 118 to 122 and capacitance lead
wires 123 comprise a unitary structure of 118a to 123«
formed of the conductor layer (A) and 1185 to 12356 formed of
the conductor layer (B) (FIG. 2(A)).

The method for etching the conductor layer (A) and the
conductor layer (B) may be selected suitably. When the mate-
rial consisting principally of W is used as described above,
however, dry etching using a high density plasma is prefer-
ably employed in order to conduct etching at a high speed and
with high accuracy. One of the means for obtaining the high
density plasma is the one that uses an inductively coupled
plasma (ICP) etching apparatus. The etching method of W
using the ICP etching apparatus introduces two kinds of
gases, that is, CF, and Cl,, as the etching gas into a reaction
chamber, sets the pressure to 0.5 to 1.5 Pa (preferably, 1 Pa)
and applies high frequency (13.56 MHz) power of 200 to
1,000 W to the inductively coupled portion. At this time, 20 W
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high frequency power is applied to the stage on which the
substrate is placed. As the substrate is charged to the negative
potential by self-bias, the positive ions are accelerated and
anisotropic etching can be conducted. When the ICP etching
apparatus is used, an etching rate of 2 to 5 nm/sec can be
obtained for a hard metal film such as W. To conduct etching
without leaving the residue, over-etching is preferably con-
ducted while the etching time is increased at a ratio of about
10 to 20%. However, caution must be paid to the selection
ratio of etching with respect to the underlying layer. For
example, the selection ratio of the silicon oxide nitride film
(gate insulation film 109) to the W film is 2.5 to 3. Therefore,
when the over-etching treatment is conducted, the surface on
which the silicon oxide nitride film is exposed is etched by
about 20 to 50 nm and becomes substantially thin.

To form an LDD region in the n channel TFT, a doping step
of an impurity element for imparting the n type (n~ doping
step) is conducted. Here, the n-imparting impurity element is
doped by ion-doping in self-alignment with the gate elec-
trodes 118 to 122 and the capacitance lead wire 123 as the
mask. The concentration of phosphorus (P) doped as the
n-imparting impurity element is within the range of 1x10'¢to
5x10*° atoms/cm?>. In this way, the n impurity regions 124 to
129 having the first concentration is formed in the island-like
semiconductor layer as shown in FIG. 2(B).

Next, an n type impurity region having a second concen-
tration, that functions as a source or drain region in the n
channel TFT, is formed (n* doping step). First, resist masks
130 to 134 are formed using a photo-mask 3 (PM3), and the
n-imparting impurity element is doped to form n impurity
regions 135 to 140 having the second concentration. Phos-
phorus (P) is used as the n-imparting impurity element. Ion
doping using phosphine (PH,) is employed so that the con-
centration falls within the range of 1x10?° to 1x10*! atoms/
cm® (FIG. 2(C)).

P impurity regions 144 and 145 having a third concentra-
tion are formed as the source and drain regions in the island-
like semiconductor layers 104 and 106 forming the p channel
TFT. Here, a p-imparting impurity element is doped with the
gate electrodes 118 and 120 as the mask, and the p impurity
regions having the third concentration are formed in self-
alignment. At this time, resist masks 141 to 143 are formed on
the island-like semiconductor films 105, 107 and 108 forming
the n channel TFT using a photo-mask 4 (PM4) in such a
manner as to cover the entire surface. P impurity regions 144
and 145 having the third concentration are formed by ion
doping that uses diborane (B,Hy). The boron (B) concentra-
tion in the regions is 3x10° to 3x10*! atoms/cm’® (FIG. 2(D)).

Phosphorus (P) is added in a pre-step to the p impurity
regions 144 and 145 having the third concentration. The p
impurity regions 144a and 145a having the third concentra-
tionhave a concentration of 1x10%° to 1x10?! atoms/cm?, and
the p impurity regions 1445 and 1455 having the third con-
centration have a concentration of 1x10'° to 5x10'° atoms/
cm’. The concentration of boron (B) added in this step is set
to become 1.5t0 3 times. In consequence, no trouble occurs in
the function as the source and drain regions of the p channel
TFT.

Thereafter, as shown in FIG. 3(A), a protective insulation
film 146 is formed from above the gate electrode and the gate
insulation film. The protective insulation film may comprise a
silicon oxide film, a silicon oxide nitride film, a silicon nitride
film or a laminate film comprising the combination of these
films. In any case, the protective insulation film 146 is formed
of an inorganic insulating material. The protective insulation
film 146 has a film thickness of 100 to 200 nm. When the
silicon oxide film is used, tetraethyl orthosilicate (TEOS) and
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O, are mixed, and plasma CVD process is conducted to gen-
erate discharge at a reaction pressure of 40 Pa, a substrate
temperature of 300 to 400° C. and a high frequency (13.56
MHz) power density of 0.5 to 0.8 W/cm>. When the silicon
oxide nitride film is used, the plasma CVD method is
employed to form the silicon oxide nitride film from SiH,, and
N,O. The film formation condition in this case is the reaction
pressure of 20 to 200 Pa, the substrate temperature of 300 to
400° C., and the high frequency (60 MHz) power density of
0.1 to 1.0 W/cm?. The hydrogenated silicon oxide nitride film
formed from SiH,. N,O and H, may be used, as well. The
silicon nitride film can be formed similarly from SiH, and
NHj; by the plasma CVD method.

Thereafter, the activation step of activating the n- or p-im-
parting impurity elements added in the respective concentra-
tions is conducted. This step is conducted by a thermal
annealing method using a furnace annealing oven. Besides
the thermal annealing method, it is possible to employ a laser
annealing method and a rapid thermal annealing method
(RTA method). The thermal annealing method is conducted in
a nitrogen atmosphere containing oxygen in a concentration
of'1 ppmor below, preferably 0.1 ppm or below, at 400 to 700°
C., typically 500 to 600° C. In this embodiment, the heat-
treatment is conducted at 550° C. for 4 hours. When a plastic
substrate having a low heat-resistant temperature is used for
the substrate 101, the laser annealing method is preferably
employed (FIG. 3(B)).

After the activation step, heat-treatment is further con-
ducted in an atmosphere containing 3 to 100% hydrogen at
300 to 450° C. for 1 to 12 hours to hydrogenate the island-like
semiconductor film. This is the process step that terminates
the dangling bonds of 10'° to 10'%/cm? in the island-like
semiconductor film by hydrogen that is thermally excited.
Plasma hydrogenation (using hydrogen that is excited by
plasma) may be used as another means for hydrogenation.

After the activation and hydrogenation steps are com-
pleted, an inter-layer insulation film 147 made of an organic
insulation material is formed to a mean thickness 0f1.0t0 2.0
pm. Examples of the organic resinmaterials are polyimide,
acryl, polyamide, polyimidamide, BCB (benzocyclobutene),
and so forth. When polyimide of the type, that is thermally
polymerized after being applied to the substrate, is used, the
material is baked at 300° C. in a clean oven. When acryl is
used, a two-component type is used. After the main agent and
the curing agent are mixed, the mixture is applied to the entire
surface of the substrate by using a spinner. Preparatory heat-
ing is then conducted by using a hot plate at 80° C. for 60
seconds, and baking is then made in the clean oven at 250° C.
for 60 minutes.

When the inter-layer insulation film is formed of the
organic insulating material, its surface can be planarized sat-
isfactorily. The organic resin materials have generally a low
dielectric constant, and the parasitic capacitance can be
reduced. However, since they are hygroscopic, they are not
suitable for the protective film. Therefore, the organic insu-
lation material must be used in combination with the silicon
oxide film, the silicon oxide nitride film or the silicon nitride
film formed as the protective insulation film 146 as, in this
embodiment.

Thereafter, a resist mask having a predetermined pattern is
formed by using a photo-mask 5 (PM5). Contact holes reach-
ing the source or drain regions of the respective island-like
semiconductor films are formed. The contact holes are
formed by dry etching. In this case, a mixed gas of CF,, O,
and He is used as the etching gas. The inter-layer insulation
film formed of the organic resin material is first etched. Then,
the etching gas is switched to CF, and O,, and the protective
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insulation film 146 is etched. To improve the selection ratio
with the island-like semiconductor layers, the etching gas is
switched further to CHF; and the gate insulation film is
etched. In this way, the contact holes can be formed satisfac-
torily.

A conductive metal film is formed by sputtering or vacuum
deposition. A resist mask pattern is then formed by using a
photo-mask (PM6). Source lead wires 148 to 152 and drain
lead wires 153 to 158 are formed by etching. Here, the drain
lead wire 157 functions as the pixel electrode. Though not
shown in the drawing, this embodiment uses a 50 to 150
nm-thick Ti film for this electrode. A contact with the semi-
conductor film of the island-like semiconductor layer for
forming the source or drain region is formed, and aluminum
(Al) is formed to a thickness of 300 to 400 nm in superposi-
tion with the Ti film to give the lead wire.

When the hydrogenation treatment is conducted under this
state, favorable results can be obtained for the improvement
of TFT performance. For example, the heat-treatment is con-
ducted preferably at 300 to 450° C. for 1 to 12 hours in an
atmosphere containing 3 to 100% of hydrogen. A similar
effect can be obtained by using the plasma hydrogenation
method. Such a heat-treatment can diffuse hydrogen existing
in the protective insulation film 146 and the underlying film
102 into the island-like semiconductor films 104 to 108 and
can hydrogenate these films. In any case, the defect density in
the island-like semiconductor films 104 to 108 is lowered
preferably to 10*%/cm? or below, and for this purpose, hydro-
gen may be added in an amount of about 0.01 to about 0.1
atomic % (FIG. 3(C)).

When the six photo-masks are used as described above, a
substrate having the TFTs of the driving circuit and the pixel
TFTs ofthe pixel unit on the same substrate can be completed.
The first p channel TFT 200, the first n channel TFT 201, the
second p channel TFT 202 and the second n channel TFT 203
are formed in the driving circuit. The pixel TFT 204 and the
holding capacitance 205 are formed in the pixel unit. In this
specification, such a substrate will be referred to as an “active
matrix substrate” for convenience sake.

The first p channel TFT 200 in the driving circuit has a
single drain structure that includes the channel formation
region 206, the source regions 107a and 1075 and the drain
regions 208a and 2085 each comprising the p impurity region
having the third concentration in the island-like semiconduc-
tor film 104. The first n channel TFT 201 includes the channel
formation region 209 in the island-like semiconductor film
105, the LDD region 210 that does not overlap with the gate
electrode 119 and comprises the n type impurity region hav-
ing the first concentration, and the source region 212 and the
drain region 211 comprising the n impurity region of the
second concentration. The length of this LDD region in the
direction of the channel length is 1.0 to 4.0 um, preferably 2.0
to 3.0 um. As the length of the LDD region in the n channel
TFT is determined in this way, a high electric field occurring
in the proximity of the drain region can be mitigated, and the
occurrence of hot carriers and degradation of the TFT can be
prevented. The second p channel TFT 202 in the driving
circuit has similarly the single drain structure including the
channel formation region 213, the source regions 214a and
214b and the drain regions 215a and 2155 comprising the p
impurity region having the third concentration in the island-
like semiconductor film 106. A channel formation region 216,
LDD regions 217 and 218 comprising the n impurity region of
the first concentration, and a source region 220 and a drain
region 219 comprising the n impurity region of the second
concentration are formed in the second n channel TFT 203.
The length of the LDD of this TFT, too, is also setto 1.0t0 4.0
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um. The pixel TFT 204 includes channel formation regions
221 to 222 and LDD regions 226 to 228 comprising an n
impurity region of the first concentration in the island-like
semiconductor film 108. The length of the LDD region in the
direction of the channel length is 0.5 to 4.0 um, preferably 1.5
to 2.5 um. Furthermore, a holding capacitance 205 comprises
a capacitance lead wire 123, an insulation film made of the
same material as the gate insulation film and a semiconductor
layer 229 for connecting the drain region 228 of the pixel TFT
204. In FIG. 3(C), the pixel TFT 204 is shown as having a
double gate structure. However, it may have a single gate
structure or a multi-gate structure having a plurality of gate
electrodes.

FIG. 16 is a top view showing substantially one pixel of the
pixel unit. The section A-A' in the drawing corresponds to the
sectional view of the pixel unit shown in FIG. 3(C). The gate
electrode 122 of the pixel TFT 204, that functions also the
gate lead wire, crosses the island-like semiconductor layer
108 below it through a gate insulation film, not shown in the
drawing. The source region, the drain region and the LDD
region are formed in the island-like semiconductor layer,
though they are not shown in the drawing. Reference numeral
256 denotes a contact portion between the source lead wire
152 and the source region 226. Reference numeral 257
denotes a contact portion between the drain lead wire 157 and
the drain region 228. A holding capacitance 205 is formed by
the overlapping region of the semiconductor layer 229 that
extends from the drain region 228 of the pixel TFT 204 and a
holding capacitance lead wire 123 through the gate insulation
film. In this construction, an impurity element for controlling
the valency electron is not added to the semiconductor layer
229.

The construction described above makes it possible to opti-
mize the structure of the TFT constituting each circuit in
accordance with the specification required by the pixel TFT
and the driving circuit, and to improve operation performance
and reliability of the semiconductor device. Furthermore, this
construction makes it easy to activate the LDD region, the
source region and the drain region by forming the gate elec-
trode by a conductive material having heat resistance.
Embodiment 2

To accomplish a high-precision high-quality liquid crystal
display device, the characteristics of the TFT constituting the
pixel TFT and the driving circuit must be improved. One of
the required TFT characteristics is the decrease of the current
flowing under the OFF state (OFF current) besides the thresh-
old voltage, the field effect mobility, the sub-threshold coet-
ficient (S value), and so forth. When the OFF current value is
high, power consumption increases and moreover, the opera-
tion characteristics of the driving circuit get deteriorated and
may invite the drop of image quality. In the n channel TFT
fabricated in Embodiment 1, the LDD region is formed, and
this LDD region can lower the OFF current value to the extent
that renders no problem. On the other hand, since the p chan-
nel type TFT has the single drain structure, the increase of the
OFF current value becomes often the problem. This embodi-
ment provides a method of fabricating a p channel TFT hav-
ing an offset region suitable to cope with such a problem.

The process steps shown in FIGS. 1(A) to 2(A) are con-
ducted first in the same way as in Embodiment 1, and the gate
electrodes 118 to 122 and the capacitance lead wire 123 are
formed. Next, the step of adding the n-imparting impurity
element (n~ doping step) is conducted to form the LDD region
in the n channel TFT. Here, the n-imparting impurity element
is added in self-alignment by using a photo-mask 7. In this
case, the entire surface of island-like semiconductor layers
104 and 106, on which the p channel TFT is to be formed, is
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covered with resist masks 159 and 160 using the photo-mask
7 lest the impurity element is added to these layers. In this
way, the n impurity regions 125 to 129 having the first con-
centration are formed in the island-like semiconductor layer
as shown in FIG. 4(A).

Next, in the n channel TFT, an n impurity region having the
second concentration that functions as the source or drain
region is formed. Resist masks 130 to 134 are formed by using
a photo-mask, and an n-imparting impurity element is added
to form n impurity regions 135 to 140 having the second
concentration (FIG. 4(B)).

Thereafter, a protective insulation layer 146 is formed in
the same way as in Embodiment 1. P impurity regions 144 and
145 having the third concentration to serve as the source and
drain regions are formed in the island-like semiconductor
layers 104 and 106 that constitute the p channel TFT. Resist
masks 161 to 163 are formed by using the photo-mask 4 to
cover the entire surface of the island-like semiconductor films
105, 107 and 108 that constitute the n channel TFT. This step
is conducted by ion doping. The impurity element doped has
slight fluctuation but is incident substantially vertically to the
surface of the island-like semiconductor layers. The protec-
tive insulation layer formed at the end portion functions as the
mask. Therefore, p type impurity regions 144 and 145 having
the third concentration are formed in the spaced-apart relation
from the gate electrode by the distance corresponding to the
film thickness. In other words, offset regions 230 and 231 are
formed to a length Lo between the channel formation region
and the p impurity region having the third concentration.
More concretely, since the length Lo corresponds to the thick-
ness of the protective insulation layer 46, it is formed to a
length of 100 to 200 nm.

Such an offset region contributes as a series resistance
component to the electric characteristics of the TFT, and can
reduce the OFF current value by about %io to %i00. Subse-
quently, the process steps from FIG. 3(A) are carried out in
the same way as in Embodiment 1. An active matrix substrate
can be completed by using seven photo-masks.
Embodiment 3

Embodiment 1 represents the example that uses the heat-
resistant conductive material such as W and Ta for the gate
electrode. The reason why such materials are used is mainly
because the impurity elements are activated by thermal
annealing at 400 to 700° C. to control the valency electrons
after the gate electrode is formed. However, such heat-resis-
tant conductive material has the area resistance of about 10Q
and are not suitable for a liquid crystal display device having
a screen size of 4 inches or more. When the gate lead wire
connected to the gate electrode is made of the same material,
the extension length of the lead wire becomes essentially
great, and the wiring delay resulting from the influence of the
wiring resistance cannot be neglected.

When the pixel density is VGA, for example, 480 gate lead
wires and 640 source lead wires are formed. When the pixel
density is XGA, 768 gate lead wires and 1,024 source lead
wires are formed. As for the screen size of the display region,
the length of the diagonal is 340 mm in the case of the 13-inch
class and 460 mm in the case of the 18-inch class. This
embodiment explains the method of accomplishing such a
liquid crystal display device by using low resistance conduc-
tive materials such as Al or Cu (copper) for the gate lead wires
with reference to FIG. 5.

First, the process steps shown in FIGS. 1(A) to 2(D) are
conducted in the same way as in Embodiment 1. Next, the
activation step for activating the impurity elements added to
the respective island-like semiconductor layer is conducted to
control the valency electron. This step is carried out by the
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thermal annealing method using the furnace annealing oven.
The laser annealing method or the rapid thermal annealing
method (RTA method) can be employed besides the thermal
annealing method. This thermal annealing method is con-
ducted in a nitrogen atmosphere having an oxygen concen-
tration of 1 ppm or below, preferably 0.1 ppm or below, at 400
to 700° C., typically at 500 to 600° C. In this embodiment, the
heat-treatment is conducted at 525° C. for 4 hours.

In this heat-treatment, conductor layers (C) 118¢ to 123¢
are formed to a thickness of 5 to 80 nm from the surface onthe
conductor layers (B) 11856 to 1236 forming the gate elec-
trodes 118 to 122 and the capacitance lead wire 123. When the
conductor layers (B) 1185 to 1235 are made of tungsten (W),
for example, tungsten nitride (WN) is formed and when they
are made of tantalum (Ta), tantalum nitride (TaN) is formed.
The conductor layers (C) 118¢ to 123¢ can be formed simi-
larly by exposing the gate electrodes 118 to 123 to a plasma
atmosphere containing nitrogen or ammonia. The heat-treat-
ment is carried out further in an atmosphere containing 3 to
100% hydrogen at 300 to 450° C. for 1 to 12 hours to hydro-
genate the island-like semiconductor layers. This process step
is the one that terminates the dangling bonds of the semicon-
ductor layers by thermally excited hydrogen. Plasma hydro-
genation (using hydrogen excited by plasma) may be used as
another hydrogenation means (FIG. 5(A)).

After the activation and hydrogenation steps are com-
pleted, the gate lead wires are made of the low resistance
conductive material. The low resistance conductor layer is
formed of a conductor layer (D) containing Al or Cu as the
principal component. For example, an Al film (not shown)
containing 0.1 to 2 wt % of Ti is formed as the conductor layer
(D) on the entire surface. The thickness of the conductor layer
(D) is 200 to 400 nm (preferably, 250 to 350 nm). Predeter-
mined resist patterns are formed using a photo-mask and
etching is conducted to form the gate lead wires 164 and 165
and the capacitance lead wire 166. This etching is made by
wet etching using a phosphoric acid type etching solution and
removes the conductor layer (D). In this way, the gate lead
wires can be formed while keeping selective processability
with the underlying layers. A protective insulation film 146 is
then formed (FIG. 5(B)).

An inter-layer insulation film 147 made of an organic insu-
lating material, source lead wires 148 to 151 and drain lead
wires 153 to 156 and 168 are formed in the same way as in
Embodiment 1. An active matrix substrate can be thus com-
pleted. FIGS. 6(A) and 6(B) are top views of this state. The
B-B' section of FIG. 6(A) and the C-C' section of FIG. 6(B)
correspond to A-A' and C-C' of FIG. 5(C), respectively. The
gate insulation film, the protective insulation film and the
inter-layer insulation film are shown omitted in FIGS. 6(A)
and 6(B). However, the source lead wires 148, 149 and 167
and the drain lead wires 153, 154 and 168 are connected to the
source and drain regions, not shown, of the island-like semi-
conductor layers 104,105 and 108 through contact holes. The
D-D" section of FIG. 6(A) and the E-E' section of FIG. 6(B)
are shown in FIGS. 7(A) and 7(B), respectively. The gate lead
wires 164 and 165 are formed in such a fashion that the former
164 overlaps with the gate electrodes 118 and 119 and the
latter 165 overlaps with the gate electrode 122, outside the
island-like semiconductor layers 104, 105 and 108, respec-
tively. The conductor layer (C) and the conductor layer (D)
that come into mutual contact are mutually connected elec-
trically. As the gate lead wires are formed of the low resis-
tance conductive material in this way, the wiring resistance
can be lowered sufficiently. Therefore, this embodiment can
be applied to the display device having the pixel unit (screen
size) of the 4-inch class.
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Embodiment 4

The active matrix substrate fabricated in Embodiment 1
can be as such applied to a reflection type liquid crystal
display device. When it is applied to a transmission type
liquid crystal display device, the pixel electrode provided to
each pixel of the pixel unit needs only be formed of the
transparent electrode. In this embodiment, a method of fab-
ricating the active matrix substrate adapted to the transmis-
sion type liquid crystal display device will be explained with
reference to FIG. 10.

The active matrix substrate is produced in the same way as
in Embodiment 1. In FIG. 10(A), the source lead wire and the
drain lead wire are formed by sputtering or a vacuum depos-
iting a conductive metal film. A Ti film is formed to a thick-
ness of 50 to 150 nm and a contact is formed with the semi-
conductor film for forming the source or drain region of the
island-like semiconductor layer. Aluminum (Al) is formed to
athickness of 300 to 400 nm in superposition with the Ti film.
Furthermore, a Ti film or a titanium nitride (TiN) film is
formed to a thickness of 100 to 200 nm. In this way, a three-
layered structure is completed. Thereafter, a transparent con-
ductive film is formed on the entire surface, and pixel elec-
trodes 171 are formed by patterning treatment and etching
treatment with a photo-mask. The pixel electrodes 171 are
formed on the inter-layer insulating film 147, and a portion
overlapping with the drain lead wire 169 of each pixel TFT
204 is disposed to form a connection structure.

In FIG. 10(B), a transparent conductor film is first formed
onthe inter-layer insulation film 147, and pixel electrodes 171
are formed through patterning treatment and etching treat-
ment. Drain lead wires 169 are then formed at portions over-
lapping with the pixel electrodes 171. A Ti film is formed to a
thickness of 50 to 150 nm as the drain lead wire 169 and is
brought into contact with a semiconductor film forming the
source or drain region on the island-like semiconductor layer.
Aluminum (Al) is formed to a thickness of 300 to 400 nm in
superposition with the Ti film. According to this construction,
the pixel electrode 171 comes into contact with only the Ti
film that forms the drain lead wire 169. As a result, the
reaction between the transparent conductor film and Al can be
prevented.

Indium oxide (In,0;) or an indium oxide-tin oxide alloy
(In,O;—Sn0O,; ITO) is sputtered or vacuum deposited as the
material of the transparent conductor film. Etching of such a
material is made by using a hydrochloric acid type solution.
However, because the residue is likely to remain particularly
in etching of ITO, indium oxide-zinc oxide alloy (In,O,—
Zn0O) may be used to improve the etching factor. The indium
oxide-zinc oxide alloy is excellent in surface flatness and heat
stability with respect to ITO. Therefore, this material can
prevent the corrosive reaction with Al with which it comes
into contact on the end face of the drain lead wire 169.
Similarly, zinc oxide (ZnO) is a suitable material, and zinc
oxide containing gallium (Ga) for improving transmissivity
of'the visible rays and the electric conductivity (ZnO:Ga) can
be used, too.

In this way, an active matrix substrate adaptable to the
transmission type liquid crystal display device can be com-
pleted. Though this embodiment has been explained by using
the same process steps as those of Embodiment 1, this con-
struction can be applied to the active matrix substrate repre-
sented in Embodiment 2 and Embodiment 3.

Embodiment 5

This embodiment represents another method of fabricating
the crystalline semiconductor layer for forming the active
layer of the TFT of the active matrix substrate represented by
Embodiments 1 through 4. The crystalline semiconductor
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layer is formed by crystallizing the amorphous semiconduc-
tor layer by thermal annealing, laser annealing or RTA. In
addition, the crystallization method using a catalytic element,
that is disclosed in Japanese Patent Laid-Open No. 7-130652,
can be applied. An example of this case will be explained with
reference to FIG. 8.

Undelying films 1024 and 1026 and an amorphous semi-
conductor layer 103a are formed to a thickness of 25 to 80 nm
on a glass substrate 101 in the same way as in Embodiment 1
as shown in FIG. 8(A). An amorphous silicon film, for
example, is formed to a thickness of 55 nm. An aqueous
solution containing 10 ppm, calculated by weight, of a cata-
Iytic element is applied by a spin coating method to form a
layer 170 containing the catalytic element. Examples of the
catalytic element include nickel (Ni), germanium (Ge), iron
(Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum
(Pt), copper (Cu) and gold (Au). Besides spin coating, the
layer 170 containing the catalytic element may be formed by
sputtering or vacuum deposition so that the thickness of the
layer of the catalytic element is 1 to 5 nm.

In the crystallization step shown in FIG. 8(B), heat treat-
ment is conducted first at 400 to 500° C. for about 1 hour and
the hydrogen content of the amorphous silicon film is lowered
to not greater than 5 atom %. Heat annealing is then con-
ducted in a nitrogen atmosphere at 550 to 600° C. for 1 to 8
hours inside a furnace annealing oven. This process step can
acquire a crystallin silicon layer 103¢ comprising the crystal-
line silicon film (FIG. 8(C)). When the crystalline semicon-
ductor layer 103¢ formed by heat annealing is observed
microscopically through an optical microscope in this case,
however, amorphous regions are found sometimes remaining
locally in the crystalline semiconductor layer 103¢ formed by
this heat annealing, and amorphous components having a
broad peak at 480 cm ™ is observed by a Raman spectroscopy.
Therefore, it is effective to process the crystalline semicon-
ductor layer 103¢ by the laser annealing method after heat
annealing in the same way as in Embodiment 1 to improve its
crystallinity.

A gettering treatment with phosphorus (P) for this purpose
can be conducted simultaneously with the activation step
explained in FIG. 3(B). This process step is shown in FIG. 9.
The concentration of phosphorus (P) necessary for gettering
may be approximate to the impurity concentration of the high
concentration n impurity region. Thermal annealing of the
activation step can allow the catalytic element to segregate
from the channel formation region of the n channel TFT and
the p channel TFT to the impurity region containing phos-
phorus (P) in that concentration (in the direction indicated by
an arrow in FIG. 9). As a result, the catalytic element segre-
gates in a concentration of 1x10'7 to 1x10"° atoms/cm® in the
impurity region. The TFT thus fabricated has a lowered OFF
current value and has high crystallinity. Therefore, a high
field effect mobility can be obtained, and excellent character-
istics can be accomplished.

Embodiment 6

This embodiment explains the fabrication steps of an active
matrix liquid crystal display device from the active matrix
substrate fabricated in Embodiment 1. First, as shown in FIG.
11(A), a spacer comprising a columnar spacer is formed on
the active matrix substrate under the state shown in F1G. 3(C).
The spacer may be formed by spraying of particles having a
size of several microns. In this embodiment, however, a resin
film is formed over the entire surface of the substrate and is
then patterned. The material of the spacer is not limited, in
particular. This embodiment uses “NN700” of JSR Co. After
the resin film is applied by a spinner, a predetermined pattern
is formed by exposure and development. The pattern is heated
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and cured at 150 to 200° C. in a clean oven, or the like. The
shape and size of the spacer can be changed depending on the
conditions of exposure and development. Preferably, how-
ever, the columnar spacer 173 has a columnar shape with a flat
top as shown in FIG. 13. When the substrate on the opposite
side is put, the mechanical strength as the liquid crystal dis-
play panel can be secured. The shape is not particularly lim-
ited and may be conical or pyramidal. When it is conical, for
example, the height H is 1.2 to 5 pum, the mean radius L.11is 5
to 7 um and the ratio of the mean radius L1 to the radius 1.2 of
the bottom is 1:1.5. The taper angle of the side surface is not
greater than £15° at this time.

The arrangement of the spacer may be decided arbitrarily.
Preferably, however, the columnar spacer 173 is disposed in
such a manner as to be superposed with, and cover, the contact
portion 251 of the drain lead wire 157 (pixel electrode) in the
pixel unit as shown in FIG. 11(A). Since planarity of the
contact portion 251 is lost and the liquid crystal is not oriented
sufficiently at this portion, the columnar spacer 173 is formed
in the form in which the spacer resin is packed to the contact
portion 251. In this way, discrimination, or the like, can be
prevented.

Thereafter, the orientation film 174 is formed. A polyimide
resin is used generally for the orientation film of the liquid
crystal display element. After the orientation film is formed,
rubbing treatment is conducted so that the liquid crystal mol-
ecules are oriented with a certain predetermined pre-tilt
angle. The region from the end portion ofthe columnar spacer
173 disposed in the pixel unit to the region that is not rubbed,
in the rubbing direction is not greater than 2 pm. The occur-
rence of static electricity often becomes the problem during
the rubbing treatment. When the spacer 172 is formed on the
TFT ofthe driving circuit, too, both original role as the spacer
and the protection effect of the TFT from static electricity can
be acquired.

A shading film 176, a transparent conductor film 177 and
an orientation film 178 are formed on an opposed substrate
175 on the opposite side. Ti, Cr, Al or the like is formed to a
thickness of 150 to 300 nm as the shading film 176. The active
matrix substrate on which the pixel unit and the driving circuit
are formed and the opposed substrate are bonded to each other
through a sealant 179. A filler 180 is mixed in the sealant 179.
These two substrates are bonded together while keeping a
uniform gap by the filler 180 and the spacers 172 and 173.
Thereafter, a liquid crystal material 50 is charged between
both substrates, and the substrates are completely sealed by
the sealant (not shown). A known liquid crystal material may
be used for the liquid crystal material. In this way, the active
matrix type liquid crystal display device shown in FIG. 11(B)
can be completed.

It is also possible to first form the orientation film 174 and
then to form the spacer comprising the columnar spacer, as
shown in FIG. 19.

FIG. 11 shows the example where the spacer 172 is formed
on the entire surface of the TFT of the driving circuit. How-
ever, the spacer may be divided into a plurality of segment
spacers 172a to 172e as shown in FIG. 12. The spacer that is
to be disposed at the formation portion of the driving circuit
may be formed in such a manner as to cover at least the source
and drain lead wires of the driving circuit. According to this
construction, each TFT of the driving circuit is completely
covered and protected by the protective insulation film 146,
the inter-layer insulation film 147 and the spacer 172 or the
spacers 172a to 172e.

FIG. 14 is a top view of the active matrix substrate. It is the
top view showing the positional relationship among the pixel
unit, the driving circuit portion, the spacer and the sealant. A
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scanning signal driving circuit 185 and an image signal driv-
ing circuit 186 are disposed as the driving circuit round the
pixel unit 188. A signal processing circuit 187 such as a CPU,
a memory, etc, may be further added. These driving circuits
are connected to external input/output terminals 182 by con-
nection lead wires 183. In the pixel unit 188, a group of gate
lead wires 189 extending from the scanning signal driving
circuit 185 and a group of source lead wires 190 extending
from the image signal driving circuit 186 cross one another in
the matrix form. A pixel TFT 204 and a holding capacitance
205 are provided to each pixel.

The columnar spacer 173 disposed in the pixel unit may be
provided to all the pixels. However, the columnar spacers may
be provided to every several or dozens of pixels disposed in
matrix. In other words, the proportion of the number of spac-
ers to the total number of pixels constituting the pixel unit
may be preferably 20 to 100%. The spacers 172, 172' and
172" provided to the driving circuit portion may be disposed
in such a fashion as to cover the entire surface of the driving
circuit portion, or may be divided into several segments in
match with the positions of the source and drain lead wires of
the TFT as shown in FIG. 12.

The sealant 179 is applied outside the pixel unit 188, the
scanning signal control circuit 185, the image signal control
circuit 186 and other signal processing circuits 187 but inside
the external input/output terminals 182.

The construction of such an active matrix liquid crystal
display device will be explained with reference to the per-
spective view of FIG. 15. In FIG. 15, the active matrix sub-
strate comprises the pixel unit 188, the scanning signal driv-
ing circuit 185, the image signal driving circuit 186 and other
signal processing circuit 187 formed on the glass substrate
101. The pixel TFT 204 and the holding capacitance 205 are
provided to the pixel unit 188. The driving circuit disposed
round the pixel unit comprises the CMOS circuit as the basic
circuit. The scanning signal driving circuit 185 and the image
signal driving circuit 186 are connected to the pixel TFT 204
by the gate lead wires 122 and the source lead wires 152. A
flexible printed circuit (FPC) 191 is connected to the external
input terminal 182 and is used for inputting the image signal,
and the like. It is connected to the respective driving circuit by
connection lead wires 183. The shading film and the trans-
parent electrodes, not shown, are disposed on the opposed
substrate 175.

FIG. 18 is an explanatory view useful for explaining the
connection structure between the external input/output termi-
nals 182 and the FPC 191. The external input/output terminal
182 has the same structure as the source lead wire or the drain
lead wire, is made of the conductive metal film, and is formed
onthe substrate 101 from which the inter-layer insulation film
147 is removed. The FPC 191 has a copper lead wire 302
formed on the organic resin film 301 such as polyimide and is
connected to the external input/output terminal 182 by an
anisotropic conductive adhesive 303. This adhesive 303 com-
prises an anisotropic adhesive 303 and particles 304 that have
a diameter of dozens to hundreds of microns, have a conduc-
tive surface plated with gold, or the like, and are mixed in the
adhesive 303. When the particles 304 come into electric con-
tact with the external input/output terminal 182 and with the
copper lead wire 302, the electric contact is established at
such portions. The FPC 191 swells out from the external
input/output terminals 182 and is bonded so as to improve the
bonding strength with the substrate 101. It has a resin layer
192 at its end portion to improve the mechanical strength at
this portion.

The connection structure of the external input/output ter-
minals 182 and the FPC 191 is also the same as shown in FIG.
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20, and the spacer 199 is provided to the outside of the sealant
179 and clamped between the active matrix substrate and the
opposed substrate. In this way, the mechanical strength at this
portion can be increased. This construction functions particu-
larly effectively when a part of the opposed substrate is cut off
s0 as to expose the external input/output terminals 182.

The liquid crystal display device having such a construc-
tion can be fabricated by using the active matrix substrate
explained in Embodiments 1 through 4. When the active
matrix substrate of any of Embodiments 1 through 3 is used,
areflection type liquid crystal display device can be obtained.
When the active matrix substrate shown in Embodiment 4 is
used, a transmission type liquid crystal display device can be
obtained.

Embodiment 7

FIG. 17 shows an example of the circuit construction of the
active matrix substrate represented by Embodiments 1
through 4. The drawing shows a circuit construction of a
direct viewing type display device. The active matrix sub-
strate includes an image signal driving circuit 186, scanning
signal driving circuits (A), (B) 185 and a pixel unit 188.
Incidentally, the term “driving circuit” used in this specifica-
tion is a generic term that includes the image signal driving
circuit 186 and the scanning signal driving circuit 185.

The image signal driving circuit 186 includes a shift reg-
ister circuit 501a, a level shifter circuit 502a, a buffer circuit
503a and a sampling circuit 504. The scanning signal driving
circuits (A) (B) 185 include a shift register circuit 5015, a
level shifter circuit 5025 and a buffer circuit 5035.

Each shift register circuit 501a, 5015 uses a driving voltage
of 510 16V (typically, 10V). The TFT constituting the CMOS
circuit for forming this circuit includes the first p channel TFT
200 and the first n channel TFT 201 shown in FIG. 3(C). The
driving voltages of the level shifter circuits 502a and 5025
and the buffer circuits 503a and 5035 are as high as 14 to 16
V, but the TFT similar to that of the shift register circuit may
be used. The withstand voltage can be improved when these
circuits are constituted into the multi-gate structure, and reli-
ability of the circuit can be improved effectively.

A sampling circuit 504 comprises an analog switch and its
driving voltage is 14 to 16 V. Since this circuit is driven while
its polarity is alternately reversed and moreover, since the
OFF current value must be lowered, the sampling circuit 504
preferably comprises the second p channel TFT 202 and
second n channel TFT 203 shown in FIG. 3(C). When the
OFF current value of the p channel TFT 202 becomes the
problem in this circuit, the TFT having the single drain struc-
ture having the offset region and fabricated in Embodiment 2
is preferably used.

The driving voltage of the pixel unitis 14 to 16 V. The OFF
current value must be further lowered than in the sampling
circuit from the aspect of low power consumption. Therefore,
the TFT having the multi-gate structure and equipped further
withthe LDD region, such as the pixel TFT 204 shown in FI1G.
3(C), is preferably used.

The construction of this embodiment can be achieved eas-
ily by fabricating the TFT in accordance with the process
steps shown in Embodiments 1 through 4. Though this
embodiment represents only the constructions of the pixel
unit and the driving circuit, it is possible to form other circuits
such as a signal division circuit, a frequency division circuit,
a D/A converter, a y correction circuit, an operational ampli-
fier circuit, a signal processing circuit such as a memory
circuit and an arithmetic processing circuit, or a logic circuit,
on the same substrate in accordance with the process steps of
Embodiments 1 through 4. As described above, the present
invention can accomplish the liquid crystal display device
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including the pixel unit and the driving circuit on the same
substrate, such as the one including the signal controlling
circuit and the pixel unit.

Embodiment 8

The active matrix substrate, the liquid crystal display
device and the EL display device fabricated in accordance
with the present invention can be used for various electro-
optical apparatuses. The present invention can be applied to
all those electronic apparatuses which include such an elec-
tro-optical apparatus as the display medium. Examples of the
electronic apparatuses include a personal computer, a digital
camera, a video camera, a portable information terminal (a
mobile computer, a cellular telephone, an electronic book),
and a navigation system. FIG. 22 shows an example of them.

FIG. 22(A) shows the personal computer, which comprises
a main body 2001 including a microprocessor and a memory
board, an image input unit 2002, a display device 2003 and a
keyboard 2004. The present invention can form the display
device 2003 and other signal processing circuits.

FIG. 22(B) shows a video camera, that comprises a main
body 2101, a display device 2102, a sound input unit 2103, an
operation switch 2104, a battery 2105 and an image reception
unit 2106. The present invention can be applied to the display
device 2102 and other signal control circuits.

FIG. 22(C) shows the portable information terminal, that
comprises a main body 2201, an image input unit 2202, an
image reception unit 2203, an operation switch 2204 and a
display device 2205. The present invention can be applied to
the display device 2205 and other signal controlling circuits.

Such a portable information terminal is often used indoors
as well as outdoors. To operate the terminal for a long time, a
reflection type liquid crystal display device utilizing external
light is more suitable for the low power consumption type
than the type using back-light. However, when the environ-
ment is dark, a transmission type liquid crystal display device
quipped with back-light is more suitable. Under such circum-
stances, a hybrid type liquid crystal display device having the
features of both reflection type and transmission type has
been developed. The present invention can be also applied to
such a hybrid type liquid crystal display device. FIG. 21
shows an example of such an application to the portable
information terminal. The display device 2205 comprises a
touch panel 3002, a liquid crystal display device 3003 and
LED back-light 3004. The touch panel 3002 is provided so as
to easily operate the portable information terminal. A light
emitting element 3100 such as LED is disposed at one of the
ends of the touch panel 3002 and a light receiving device 3200
such as a photo-diode is disposed at the other end. An optical
path is defined between them. When the touch panel 3002 is
pushed and the optical path is cut off, the output of the light
receiving element 3200 changes. When these light emitting
elements and light receiving elements are disposed in matrix
on the liquid crystal display device by utilizing this principle,
the touch panel can be allowed to function as the input
medium.

FIG. 21(B) shows the construction of the pixel unit of the
hybrid type liquid crystal display device. A drain electrode
169 and a pixel electrode 171 are disposed on an inter-layer
insulation film 147. Such a construction can be achieved by
applying Embodiment 4. The drain electrode has a laminate
structure of a Ti film and an Al film and operates also as the
pixel electrode. The pixel electrode 171 is made of the trans-
parent conductor film material explained in Embodiment 4.
As the liquid crystal display device 3003 is fabricated from
the active matrix substrate, it can be used suitably for the
portable information terminal.
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FIG. 22(D) shows an electronic game machine such as a
television game or a video game. It comprises a main body
2301 having mounted thereto an electronic circuit 2308 such
as a CPU, a recording medium 2304, etc, a controller 2305, a
display device 2303 and a display device 2302 that is
assembled in the main body 2301. The display device 2303
and the display device 2302 assembled in the main body 2301
may display the same information. Alternatively, the latter
may be used mainly as a main display device and the latter, as
a sub-display device to display the operation condition of the
apparatus or as an operation board by adding the function of
a touch sensor. The main body 2301, the controller 2305 and
the display device 2303 may have wire communication func-
tions to transmit signals between them, or may be equipped
with sensor units 2302 and 2303 for achieving wireless com-
munication or optical communication function. The present
invention can be applied to the display devices 2302 and
2303. A conventional CRT may be used for the display device
2303.

FIG. 22(D) shows a player that uses a recording medium
storing a program (hereinafter called the “recording
medium”). It comprises a main body 2401, a display device
2402, a speaker unit 2403, a recording medium 2404 and an
operation switch 2405. Incidentally, a DVD (Digital Versatile
Disc) or a compact disk (CD) can be used for the recording
medium to reproduce a music program or to display images or
information display such as a video game (or a television
game) and information display through the Internet. The
present invention can be utilized suitably for the display
device 2402 and other signal control circuits.

FIG. 22(E) shows a digital camera, which comprises a
main body 2501, a display device 2502, an eyepiece unit
2503, an operation switch 2504 and an image reception unit
(not shown). The present invention can be applied to the
display unit 2502 and other signal control circuits.

FIG. 23(A) shows a front type projector, which comprises
a light source optical system, a display device 2601 and a
screen 2602. The present invention can be applied to the
display device and other signal control circuits. FIG. 23(B)
shows a rear type projector, which comprises a main body
2701, a light source optical system, a display device 2702, a
mirror 2703 and a screen 2704. The present invention can be
applied to the display device and other signal control circuit.

Incidentally, FIG. 23(C) shows an example of the construc-
tion of the light source optical system and the display devices
2601 and 2702 in FIGS. 23(A) and 23(B). The light source
optical system and the display device 2601 and 2702 com-
prise a light source optical system 2801, mirrors 2802, 2804
t0 2806, a dichroic mirror 2803, a beam splitter 2807, a liquid
crystal display device 2808, a phase difference plate 2809 and
a projection optical system 2810. The projection optical sys-
tem 2810 comprises a plurality of optical lenses. FIG. 23(C)
shows an example of the three-plate system that uses three
liquid crystal display devices 2808. However, the present
invention is not limited to such a system, but may be applied
to a single-plate optical system. Optical lenses, a film having
a polarization function, a film for adjusting the phase, an IR
film, etc, may be inserted appropriately in the optical path
indicated by an arrow in FIG. 23(C). FIG. 23(D) shows a
structural example of the light source optical system 2801 in
FIG. 23(C). In this embodiment, the light source optical sys-
tem 2801 comprises areflector 2811, a light source 2812, lens
arrays 2813 and 2814, a polarization conversion element
2815 and a convergent lens 2816. Incidentally, the light
source optical system shown in FIG. 23(D) is an example but
is in no way restrictive.
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The present invention can be applied to a navigation system
of'aread circuit of an image sensor, though they are not shown
in the drawings. The application range of the present inven-
tion is thus extremely broad, and the present invention can be
applied to electronic appliances of all fields. The electronic
appliances of this embodiment can be accomplished by the
technologies of Embodiments 1 through 7.

When the present invention is employed, the TFTs having
suitable performance can be arranged in accordance with the
specification required by each functional circuit in the semi-
conductor devices (concretely, the electro-optical devices)
having a plurality of functional circuits formed on the same
substrate. Moreover, the operation characteristics of such
TFTs can be drastically improved.

According to the fabrication method of the semiconductor
device of the present invention, the active matrix substrate, in
which the p channel TFT of the driving circuit has the single
drain structure and the n channel TFT has the LDD structure
and the pixel TFT of the pixel unit has the LDD structure, can
be fabricated by using six photo-masks. A reflection type
liquid crystal display device can be fabricated from such an
active matrix substrate. A transmission type liquid crystal
display device can be fabricated in accordance with the same
process steps by using seven photo-masks.

According to the fabrication method of the semiconductor
device of the present invention, an active matrix substrate, in
which the p channel TFT of the driving circuit has the single
drain structure having the offset region and its n channel TFT
has the LDD structure and pixel TFT of the pixel unit has the
LDD structure, can be fabricated by using seven photo-
masks. The reflection type liquid crystal device can be fabri-
cated from such an active matrix substrate. A transmission
type liquid crystal display device can be fabricated in accor-
dance with the same process steps by using eight photo-
masks.

In the TFT the gate electrode of which is made of the
heat-resistant conductive material and the gate lead wire of
which is made of the low resistance conductive material, the
fabrication method of the semiconductor device according to
the present invention can form the active material substrate in
which the p channel TFT of the driving circuit to the single
drain structure, its n channel TFT, to the LDD structure, the
pixel TET of the pixel unit to the LDD structure, by using
seven photo-masks. The reflection type liquid crystal display
device can be fabricated from such an active matrix substrate.
The transmission type liquid crystal display device can be
fabricated in accordance with the same process steps by using
eight photo-masks.

As described above, the number of photo-masks necessary
for fabricating the active matrix substrate is limited to 6 to 8.
In consequence, the fabrication process can be simplified, and
the production cost can be drastically reduced.

What is claimed is:

1. A semiconductor device comprising:

a first substrate;

a second substrate facing to the first substrate;

a shading film comprising Ti, Cr, or Al over the second
substrate, the shading film being located between the
first substrate and the second substrate;

a first transistor over the first substrate;

a second transistor over the first substrate;

afirst spacer overlapping with a semiconductor layer of the
first transistor;

a second spacer a size of which is different with a size of the
first spacer; the second spacer overlapping with a semi-
conductor layer of the second transistor;
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wherein the first spacer and the second spacer comprise a
same resin.

2. The semiconductor device according to claim 1,

wherein the first transistor is included in a driving circuit,
and

wherein the second transistor is included in a pixel unit.

3. The semiconductor device according to claim 2,

wherein the second transistor has a LDD structure.

4. The semiconductor device according to claim 1,

wherein the first spacer does not overlap with a channel
formation region of the first transistor.

5. The semiconductor device according to claim 1,

wherein the first spacer is a columnar spacer.

6. The semiconductor device according to claim 1, further
comprising a source or drain lead wire electrically connected
to the first transistor,

wherein the first spacer covers the source or drain lead
wire.

7. The semiconductor device according to claim 1,

wherein the first spacer and the second spacer are formed
from a same layer.

8. The semiconductor device according to claim 1,

wherein the first spacer is formed on an entire surface of the
first transistor of a driving circuit.

9. The semiconductor device according to claim 1,

wherein the first transistor is one of a p channel type TFT
and a n channel type TFT.

10. A semiconductor device comprising:

a first substrate;

a second substrate facing to the first substrate;

a shading film comprising Ti, Cr, or Al, the shading film
being located between the first substrate and the second
substrate;

a first transistor over the first substrate;

a second transistor over the first substrate;

an insulating layer over the first transistor and the second
transistor; the insulating layer include a contact hole;
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a source or drain lead wire over the insulating layer, the
source or drain lead wire electrically connected to a
source or drain region of the first transistor through the
contact hole;

afirst spacer overlapping with a semiconductor layer of the
first transistor; and

a second spacer a size of which is different with a size of the
first spacer; the second spacer overlapping with a semi-
conductor layer of the second transistor in the contact
hole.

11. The semiconductor device according to claim 10,

wherein the shading film is provided over the second sub-
strate.

12. The semiconductor device according to claim 10,

wherein the first transistor is included in a driving circuit,
and

wherein the second transistor is included in a pixel unit.

13. The semiconductor device according to claim 12,

wherein the second transistor has a LDD structure.

14. The semiconductor device according to claim 10,

wherein the first spacer does not overlap with a channel
formation region of the first transistor.

15. The semiconductor device according to claim 10,

wherein the first spacer is a columnar spacer.

16. The semiconductor device according to claim 10,

wherein the first spacer covers the source or drain lead
wire.

17. The semiconductor device according to claim 10,

wherein the first spacer and the second spacer are formed
from a same layer.

18. The semiconductor device according to claim 10,

wherein the first spacer is formed on an entire surface of the
first transistor of a driving circuit.

19. The semiconductor device according to claim 10,

wherein the first transistor is one of a p channel type TFT
and a n channel type TFT.
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